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SECTION  1 


INTRODUCTION 

High  performance  aerospace  systems  are  dependent  on  materials  that  are  lighter,  have 
improved  mechanical  properties,  and/or  offer  a  cost  savings.  Aluminum  alloys  that  met  these 
criteria  were  the  newly  developed  aluminum-lithium  alloys  and  the  second  generation  powder 
metallurgy  alloys. 

In  1985,  the  Air  Force  along  with  the  aerospace  community  found  it  important  to 
investigate  the  potential  of  these  promising  aluminum  alloys.  A  cooperative  program  was 
formed  by  the  Wright  Laboratory  Materials  Directorate,  Systems  Support  Division,  and  a  number 
of  aerospace  industries.  The  Air  Force  would  obtain  the  test  material  from  the  producers, 
compile  the  test  data,  and  submit  reports  to  the  participants.  The  participants  agreed  to  support 
the  program  by  performing  mechanical  property  tests  which  include  tension,  compression, 
bearing,  shear,  fracture  toughness,  and  fatigue  related  properties  (S/N,  da/dn).  The  Air  Force 
elected  to  perform  spectrum  fatigue  crack  growth  testing  on  most  alloys.  The  following  table 
contains  the  participants  who  volunteered  to  test  a  particular  material.  The  X's  that  have  a  circle 
around  them  indicate  the  participants  that  submitted  their  data  to  the  Air  Force.  Some 
participants  were  unable  to  test  due  to  funding  cuts  or  decrease  in  material  interest 

This  report  contains  aluminum-lithium  alloys  2091,  8090, 2095,  IN905XL  and 
AL905XL,  and  powder  metallurgy  (P/M)  aluminum  alloys  7064  and  CW67.  Comparisons  to 
other  materials  and  ranking  of  materials  are  generally  avoided,  since  each  potential  application 
may  be  based  on  different  evaluation  criteria. 
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Participants  and  Advanced  Aluminum  Alloys 
in  the  Cooperative  Test  Program 
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SECTION  2 


MATERIALS  AND  TESTS 

The  advanced  aluminum  alloys  were  received  on  various  dates,  shown  below  are  the 
aluminum  alloys  and  approximate  dates  received. 


Producer 

Aluminum  Alloy 

Date  Received 

Alcan 

8090-T651  Extrusion 

Feb  86 

8090-T8771  Plate 

May  91 

Pechiney 

2091-T3  Sheet 

Jul  86 

2091-T351  Plate 

Jul  86 

2091-T6  Forging 

Jul  86 

8090-T651  Extrusion 

Oct  86 

Alcoa 

2091-T3  Sheet  (0.063") 

Oct  88 

2091-T3  Sheet  (0.144") 

Mar  88 

2091-T8  Plate 

Mar  89 

8090  Extrusion 

Sep  91 

INCO 

IN905XL  Forging 

Jan  87 

AL905XL  Forging 

May  89 

Reynolds 

2095  Plate 

Feb  91 

Kaiser 

7064  Extrusion 

Dec  86 

7064  Forging 

Dec  86 

Alcoa 

CW67  Sheet 

Apr  89 

CW67  Plate 

Apr  89 

CW67  Extrusion 

Aug  87 

CW67  Forging 

Oct  88 

The  aluminum-lithium  alloys  shown  in  the  table  above  are  shown  in  the  as  received 
condition.  Some  aerospace  companies  heat  treated  the  alloys  to  T8  tempers. 

Mechanical  properties,  (tension,  compression,  bearing,  shear  and  fracture  toughness) 
fatigue,  and  constant  amplitude  fatigue  crack  growth  tests  were  tested  according  to  ASTM 
standards,  unless  otherwise  specified.  Spectrum  tests  were  performed  by  the  Air  Force  using 
FALSTAFF  (a  severe  fatigue  environment)  and  Mini-TWIST  (a  moderately  intense  fatigue 
environment)  spectrums. 
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SECTION  3 


PRESENTATION 

Each  participant  compiled  a  data  package  which  contained  the  data  they  generated. 
Some  of  these  data  packages  contained  discussions  and  in  other  cases,  only  the  data  were 
provided.  The  tensile,  compression,  bearing,  and  shear  data  were  put  in  tabular  form.  Fracture 
toughness,  fatigue,  fatigue  crack  growth,  and  spectrum  fatigue  crack  growth  data  were  put  in 
tabular  and  graphical  form. 
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SECTION  4 


RESULTS  AND  DISCUSSION 

The  data  generated  by  the  participants  are  contained  in  the  appendices.  The  following 
table  lists  the  producer,  aluminum  alloy,  form  and  the  appendix  that  the  data  can  be  found. 

Table 

Contents  of  Appendices 


Form 

Appendix 

Pechiney 

2091 

Plate 

A 

Pechiney 

2091 

Sheet 

B 

Pechiney 

2091 

Forging 

C 

Pechiney 

8090 

Extrusion 

D 

Alcan 

8090 

Extrusion 

E 

Alcan 

8090 

Plate 

F 

INCO 

IN905XL 

Forging 

G 

INCO 

AL905XL 

Forging 

H 

Reynolds 

2095 

Plate 

I 

Alcoa 

2091 

Sheet  (0.063") 

J 

Alcoa 

2091 

Sheet  (0.144") 

K 

Alcoa 

2091 

Plate 

L 

Alcoa 

8090 

Extrusion 

M 

Kaiser 

7064 

Extrusion 

N 

Kaiser 

7064 

Forging 

O 

Alcoa 

CW67 

Sheet 

P 

Alcoa 

CW67 

Plate 

Q 

Alcoa 

CW67 

Extrusion 

R 

Alcoa 

CW67 

Forging 

S 
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SECTION  5 
CONCLUSIONS 

Nineteen  aerospace  laboratories  participated  in  generating  data  on  the  advanced 
aluminum  alloys  for  the  Air  Force/Industry  Cooperative  Test  Program  Advanced  Aluminum 
Alloys.  The  data  contained  in  this  report  provides  an  extensive  data  base  on  the  aluminum- 
lithium  and  P/M  aluminum  alloys. 
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APPENDIX  A 


PECHINEY  2091-T351  AND  2091-T8X  PLATE 
(0.42M  X  39"  X  39") 


INTRODUCTION 

The  Pechiney  209I-T351  0.42-inch  plates  were  received  the  second  quarter  of  1986. 

Three  participants  heat  treated  the  plate  to  a  T8X  temper,  Northrop  -  T8  condition  was  achieved 
by  aging  the  2091  plate  at  273°  for  12  hours,  Grumman  (-T8X)  at  275°F  for  12  hours,  and 
General  Dynamics  TX  (-T851)  at  335°  F  for  16  hours. 

TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc.)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to  ASTM  E647 
standard.  The  growth  rate  a-N  data  that  was  generated  by  the  participants  (Northrop,  Grumman, 
General  Dynamics  CA,  and  Air  Force)  were  reduced  using  a  seven-point  incremental  polynomial 
method.  This  involves  fitting  a  second-order  polynomial  (parabola)  to  sets  of  seven  successive 
data  points.  The  data  are  also  checked  against  requirements  per  ASTM  E647,  Section  7.2. 
General  Dynamics  TX  performed  constant  amplitude  fatigue  crack  growth  tests  using  a  K* 
increasing  Goad  increasing)  method. 

Spectrum  tests  were  performed  by  the  Air  Force  using  FALSTAFF  (a  severe  fatigue 
environment)  and  Mini-TWIST  (a  moderately  intense  fatigue  environment)  spectrums. 
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PECHINEY 
2091-T351  PLATE 
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TABLE  A1 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  FECHINEY 
200 1 -T35 1  PLATE  (0.42*  X  30*  X  39*) 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  ELONQ  RA  E 

TEMP  ATION  STRENGTH  STRENGTH  (X)  (X)  (MSI) 


(DEGREES  F) 


BOEING.  WA 

RT 

LONG 

GENERAL 
DYNAMICS.  CA 

RT 

LONG 

NADC 

RT 

LONG 

NORTHROP 

RT 

LONG 

MARTIN 

MARIETTA.  LA 

RT 

LONG 

AVERAGE 
STANDARD  DEVIATION 


(XSI)  TKSI ) 


04.5 

51.3 

17.0 

04.5 

51.2 

10.0 

04.0 

51.4 

17.0 

04.3 

51.3 

10.2 

20.2 

10.8 

03.  e 

53.7 

12.4 

23.1 

10.0 

03.0 

51.0 

12.5 

25.8 

10.9 

04.3 

50.8 

10.2 

20.0 

11.4 

08.2 

55.5 

15.0 

11.2 

07.0 

57.0 

10.0 

10.4 

08.2 

55.2 

15.0 

11.7 

07.9 

50.5 

10.0 

10.7 

00.7 

54.7 

10.6 

18.5 

11.3 

07.3 

55.2 

11.0 

18. 1 

11.3 

60.9 

54.8 

11.3 

10.5 

11.7 

04.0 

52.1 

15.0 

15.0 

04.5 

52.7 

14.0 

14.0 

04.7 

52.3 

15.0 

13.0 

65.0 

53.6 

13.2 

18.6 

11.1 

1.7 

2.1 

2.2 

3.8 

0.4 
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TABLE  A2 


TENSILE  BESULTS  AT  t/2  LOCATION  FOR  PECHINEY 


COMPANY 

BOEING.  WA 

GENERAL 
DYNAMICS.  CA 

NADC 

NORTHROP 

MARTIN 

MARIETTA.  LA 


2091-T391  PLATE  (0.42 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(XSI) 

RT 

L  TRANS 

04.9 

09.3 

04.8 

RT 

L  TRANS 

04.7 

04.4 

04.0 

09.2 

RT 

L  TRANS 

07.9 

00.2 

07.3 

00.2 

RT 

L  TRANS 

07.2 

07.7 

07.0 

RT 

L  TRANS 

09.8 

09.4 

09.2 

AVERAGE 

09.9 

STANDARD  DEVIATION 

1.2 

X  30*  X  30* ) 


YIELD 

STRENGTH 

(XSI) 

ELONG 

(X) 

RA 

(X) 

E 

(MSI) 

44.8 

20.0 

49.0 

18.0 

49.9 

19.0 

40.3 

13.8 

21.9 

11.0 

40.9 

13.4 

24.4 

11.1 

40.7 

19.9 

22. 1 

10.9 

47.2 

14.2 

22.2 

11.2 

90.9 

19.0 

10.3 

49.9 

10.0 

11.7 

49.9 

10.0 

12.2 

49.9 

19.0 

10.7 

49.1 

12.1 

23.4 

11.7 

49.1 

12.4 

22.0 

11.7 

49.0 

12.8 

24.8 

12.3 

40.0 

10.0 

19.0 

40.0 

20.0 

17.0 

40.0 

18.0 

19.0 

47.0 

19.0 

20.4 

11.3 

1.9 

2.2 

3.3 

0.0 
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TABLE  A3 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39') 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

BOEING.  WA 

RT 

LONG 

42.7 

42.8 

42.6 

GENERAL 

RT 

LONG 

42.0 

DYNAMICS.  CA 

41.7 

41.6 

NADC 

RT 

LONG 

44.7 

44.7 

42.3 
43.9 
45.5 

47.3 

47.3 

MARTIN  RT  LONG  44.5 

MARIETTA.  LA 


AVERAGE  43 . 8 

STANDARD  DEVIATION  1.9 


COMPRESSIVE 

MODULUS 

(KSI) 


11.4 

11.6 

11.7 


12.4 


11.8 

0.4 
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TABLE  A4 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39*) 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(XSI) 

MODULUS 
(KSI ) 

BOEING.  WA 

RT 

L  TRANS 

48.7 

GENERAL 

RT 

L  TRANS 

48.0 

48.8 

41 . 1 

11.4 

DYNAMICS.  CA 

NADC 

RT 

L  TRANS 

48.4 

48.0 

50.9 

11.0 

11.7 

MARTIN 

RT 

L  TRANS 

49.9 

49.4 

47.2 

52.8 

47.7 

51.7 

51.0 

12.5 

MARIETTA.  LA 

AVERAGE 

48.9 

11.8 

STANDARD  DEVIATION  2.8  0.5 
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TABLE  A5 


RIVET  SHEAR  RESULTS  FOR  PECHIMEY 
2091-T351  PLATE  (0.42*  X  30*  X  30') 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


GENERAL  DYNAMICS.  CA  LONG  34.3 

33.9 

33.4 

AVERAGE  33 . 9 

STANDARD  DEVIATION  0.5 


TABLE  A6 

RIVET  SHEAR  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39‘) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


GENERAL  DYNAMICS.  CA  L  TRANS  32.6 

36.6 

33.0 

AVERAGE  34 . 1 

STANDARD  DEVIATION  2.2 
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TABLE  A7 


AMSLEB  DOUBLE  SHEAR  RESULTS  FOR  PECHIMEY 
2001-T351  PLATE  (0.42*  X  30*  X  30*) 

COMPANY  ORIENTATION  SHEAR 

8TREN0TH 

(XSI) 


BOEING.  WA  L-S  35.2 

35.3 

35.2 

AVERAGE  35 . 2 

STANDARD  DEVIATION  0.1 

BOEING.  WA  L-T  38.2 

38.0 

37.0 

AVERAGE  38 . 0 

STANDARD  DEVIATION  0.2 

BOEING.  WA  T-S  34.4 

34.0 

34.5 

AVERAGE  34 . 3 

STANDARD  DEVIATION  0.3 

BOEING.  WA  T-L  38.0 

38.0 

37.0 

AVERAGE  38 . 0 

STANDARD  DEVIATION  0.1 


14 


TABLE  A8 


COMPANY 


BOEING .  WA 


GENERAL 
DYNAMICS.  CA 


(•):  INDICATES 


COMPANY 


BOEING.  WA 


GENERAL 
DYNAMICS.  CA 


BEARING  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  E  39*  X  39* ) 


ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

LONG 

1.5 

68.0 

66.4  • 

87.0 

67.2 

90.0 

67.2  * 

LONG 

1.5 

90.8 

81 .6 

89.4 

72.0 

89.4 

70.5 

AVERAGE 

69. 1 

70.8 

STANDARD 

DEVIATION 

1.4 

5.7 

SHEAR  TEAR  OUT  FAILURE 


TABLE  A9 

BEARING  RESULTS  FOR  PECHINEY 
209I-T351  PLATE  (0.42*  X  39*  X  39*) 


ORIENTATION 

•  /D 

bearing 
ULT .  STR . 
(KSI) 

BEARIKO 
YIELD  STR 
(KSI ) 

L  TRANS 

1.5 

90.9 

66.  1 

90.0 

66.4 

90.9 

67  7 

L  TRANS 

1.5 

91.9 

72  3 

92.5 

71 .7 

89.7 

71 .8 

AVERAGE 

91 . 0 

692 

STANDARD 

DEVIATION 

1  .  1 

2.9 
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TABLE  A10 


BEARING  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  <0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING.  WA 

LONG 

2.0 

111.0 

79.8 

111.8 

81  .0 

110.3 

81.5 

GENERAL 

LONG 

2.0 

113.9 

90.6 

DYNAMICS.  CA 

115.8 

85.8 

113.5 

86.4 

AVERAGE 

112.7 

84 . 2 

STANDARD 

DEVIATION 

2.1 

4. 1 

TABLE  All 

BEARING  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING.  WA 

L  TRANS 

2.0 

114.8 

82.3 

112.6 

82.3 

115.2 

83.2 

GENERAL 

L  TRANS 

2.0 

113.0 

87.6 

DYNAMICS.  CA 

114.2 

95. 1 

114.6 

87.4 

AVERAGE 

114.1 

86.3 

STANDARD 

DEVIATION 

1.0 

4.9 
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TABLE  A12 


FRACTURE  TOUGHNESS  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39'  X  39‘) 


COMPANY 

ORIENTATION  KIC 

(KSI  in‘0.5) 

Kq 

(KSI  ln*0.5) 

COMMENT 

GENERAL 

L-T 

37.0 

(1.2.3) 

DYNAMICS . 

CA 

34.5 

(1.2.3) 

35.4 

(1.2.3) 

NADC 

L-T 

42.6 

(1) 

42.6 

(1) 

40.6 

(1) 

36.6 

(1) 

AVERAGE 

38.5 

STANDARD  DEVIATION 

3.4 

(1)  : 

INVALID 

DUE 

TO 

Pmax/Pq  >  1.10 

(2)  : 

INVALID 

DUE 

TO 

a  <  2 . 5 (KQ/Fty ) * 2 

(3)  : 

INVALID 

DUE 

TO 

B  <  2 . 5 (KQ/Fty) * 2 
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TABLE  A13 


FRACTURE  TOUGHNESS  RESULTS  FOR  PECHIMEY 
2091-T351  PLATE  (0.42*  X  39*  X  39*) 

COMPANY  ORIENTATION  NIC  Kq  COMMENT 

(XSI  ln'0.3)  (XSI  in*0 . 5) 

GENERAL  T-L  38.7  (1.2.3) 

DYNAMICS.  CA  30.5  (1.2.3) 

33.0  (1.2.3) 

AVERAGE  30 . 1 

STANDARD  DEVIATION  2.9 

(1) :  INVALID  DUE  TO  Paax/Pq  >  1.10 

(2) :  INVALID  DUE  TO  a  <  2 . 5 (KQ/Fty) *2 

(3) :  INVALID  DUE  TO  B  <  2 . 5 (XQ/Fty) *2 
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R-CURVE  FOR  2091  PLATE  (longitudinal) 

(•Jtscliva  crack  length  adjusted  lor  plastic  sons) 

140 
120 
100 

S  80 

J2 

60 
40 

20 
0 

1.0  1.5  2.0  2.5  3.0  3.5 

HALF  EFFECTIVE  CRACK  LENGTH.  Aa  (Ae.Ao+Ap+rho)  in  inches 

Figure  Al  R-Curve  Results  for  2091-T351  0.42“  Plate  (longitudinal). 
Martin  Marietta  LA. 


R-CURVE  FOR  2091  PLATE  (transverse) 


1.0  1.5  2.0  2.5  3.0  3  5 

HALF  EFFECTIVE  CRACK  LENGTH.  Ae  (Ae.Ao*Ap+iho)  m  inches 

Figure  A2  R-Curve  Results  for  2091-T351  o.42"  Plate  (transverse). 
Martin  Marietta  LA. 
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R-CURVE  FOR  2091  PLATE  (longitudinal) 


Figure  A3  R-Curve  Results  for  2091-T351  0.42"  Plate  (longitudinal). 
Martin  Marietta  LA. 


R-CURVE  FOR  2091  PLATE  (transverse) 


Figure  A4  R-Curve  Results  for  2091-T351  0.42"  Plate  (transverse). 
Martin  Marietta  LA. 
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TABLE  Al 4 


DATA  FOR  SPECIMEN  NO.  \  2091 
LONGITUDINAL  PLATE 


Load,  kips 

1 

1 

I  Half  Crack 

I  Length 

1  (c)  inch 

1 

1  Half 

1  Crack  Length, 

1  (c  ♦  rho) 

1  Inch 

Corresponding  Fracture 
Toughness,  ksi  •/ inch 

Mot  Adjusted  I  Adjusted  for 

1  Plasticity 

1 

0.00 

T~ 

1  1 .202 

1  1 .202 

0.0 

0.0 

*0.14 

1  1.217 

1  1 .229 

12.44 

14.57 

40.32 

1  1 .257 

1  1.310 

25.41 

30.34 

50.22 

1  1 .282 

1  1.369 

32.05 

38.8 

60.00 

1  1 .292 

I  1 .422 

38.48 

47.34 

69. 9B 

1  1 .297 

1  1 .491 

44.99 

57.88 

79.84 

1  1.297 

1  1 .567 

51.33 

68.3 

8S.98 

1  1  -312 

1  1.711 

58.28 

82.93 

94.90 

1  1 .342 

1  1.857 

62.38 

94.28 

Thickness 

■  .420  inch 

Yield 

*  52.4  ksi 

Specimen  Width  *  7.00  inch 
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TABLE  A15 


DATA  FOR  SPECIMEN  NO.  2  2091 
LONGITUDINAL  PLATE 


Load,  kips 

T" 

1 

1  Hal f  Crack 

1  Length 

1  (c)  Inch 

1 

1  Half 

I  Crack  Length, 

1  (c  ♦  rho) 

1  Inch 

T - 

1  Corresponding  Fracture 

f  Toughness,  ksi  S  incF 

1  Not  Adjusted  1  Adjusted  for 

1  1  Plasticity 

1  1 

0.0 

1  1.100 

1  1 .100 

l 

1  0.0 

1 

1  0.0 

12.54 

1  1.100 

1  1.104 

I  8.45 

1  7.93 

20.3 

1  1.100 

1  1.110 

1  13.68 

1  12.84 

30.09 

1  1.145 

1  1.171 

I  20.80 

1  21 .06 

40.17 

1  1.165 

1  1.213 

1  28.08 

1  28.71 

54.79 

1  1.165 

1  1 .257 

I  38.30 

1  39.89 

60. 1C 

1  1.165 

1  1 .278 

I  42.06 

1  44.16 

69.79 

1  1.165 

1  1 .329 

1  48.79 

|  53.14 

75.44 

1  1.175 

1  1 .375 

1  53.03 

1  58.74 

83.47 

1  1.180 

I  1 .440 

i  58.84 

1  66.95 

90.09 

1  1.190 

1  1 .522 

1  63.86 

1  75.72 

95.15 

1  1 .200 

1  1 .600 

1  67.82 

1  82.82 

98.00 

1  1.215 

I  1.673 

I  70.43 

1  88.90 

95.15 

1  1 .245 

I  1.750 

I  72.43 

1  93.30 

93.45 

1  1 .400 

1  1.558 

I  74.14 

1  96.06 

Thickness  ■ 

Yield  * 

Specimen  Width  * 


.420  inch 
52.4  ksi 
7.00  inch 


TABLE  A16 


DATA  FOR  SPECIMEN  NO.  3,2091 
TRANSVERSE  PLATE 


load,  kips 

1 - 

1 

I  Half  Crack 

I  Length 

1  (c)  Inch 

1 

1  Half 

1  Crack  Length, 

1  (c  ♦  rho) 

1  Inch 

Corresponding  Fracture 

Toughness,  ksi  J inch 

Not  Adjusted  l  Adjusted  for 

1  Plasticity 

1 

0.0 

1  1.100 

1  1 .100 

0.0 

1 

1  0.0 

9.93 

1  1.110 

i  1.113 

6.73 

1  6.31 

19.81 

1  1.115 

1  1.127 

13.46 

1  12.61 

20.65 

1  1.135 

I  1.167 

20.36 

1  20.69 

39.73 

1  1.160 

1  1 .220 

27.7C 

1  28.46 

49.74 

1  1 .205 

1  1 .307 

35.50 

1  37.13 

59.86 

1  1.210 

1  1.364 

42.90 

1  45.68 

65.8b 

1  1.210 

1  1 .444 

50.08 

1  56.28 

79.58 

1  1.215 

1  1 .561 

57.39 

1  68.41 

85.32 

1  1.215 

1  1.639 

61 .32 

1  75.71 

86.14 

1  1 .230 

1  1 .728 

63.87 

1  82.05 

91 .82 

1  1 .280 

1  1 .872 

66.62 

1  90.59 

91 .79 

1  1 .305 

1  1.973 

68.35 

1  96.81 

90.8o 

1  1 .340 

1  2.090 

65.83 

1  103.00 

Thickness  *  .420  inch 

Yield  *  42.4  ksi 

Specimen  liatr,  *  7.00  inch 
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TABLE  A17 


FATIGUE  BESULTS  WITH  B-O.l  AND  Kt«1.0  FOR 
PECHINEY  2091-T351  PLATE  (0.42'  X  39*  X  39*) 


COMPANY 

ORIENTATION 

STRESS 

(XSI) 

CYCLES 

NADC 

LONG 

80.0 

28.300 

eo.o 

29.000 

so.o 

72.400 

50.0 

87.000 

45.0 

395.500 

45.0 

779.200 

40.0 

1 . 47E*06 

40.0 

2 . OOE+OO 

35.0 

1 . 1  IE-07 

32.5 

1 .00E*08 

(  * )  :  RUN  OUT 
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Pechiney  2091-T351  Plate 

(0.42"  X  39"  X  39”) 


o> 

o 


GO  v_  CD  CD  CO  ^CO- 
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Figure  A5  Fatigue  Results  for  2091-T351  0.42"  Plate  (R=0.1,  Kt=1.0).  NADC. 


2.000 


1.500 


2091-T351 

PLATE 

LT 

LAB  AIR 
FALSTAFF 

MAX  STRESS  -  20  KSI 
SPEC.  1.0.  i  P-2 


0.  SOO  J 
0 


FLIGHTS 


Figure  A6  Crack  Length  Versus  nights  for  2091-T351  Plate  Unde 
FALSTAFF  Loading,  Hax  Stress  •  20  KSI. 


2091-T351 

PLATE 

LT 

LAB  AIR 
FALSTAFF 

MAX  STRESS  -  30  KSI 

SPEC.  1.0.  .  P-1 


FLIGHTS 


Figure  A7  Crack  Length  Versus  Flights  for  2091-T351  Plate  Under 
FALSTAFF  Loading,  Max  Stress  =  30  KSI. 


CRACK  LENGTH.  2a  (INCHES)  _  CRACK  LENGTH.  2a  (INCHES) 


FLIGHTS 


Figure  A10  Crack  length  Versus  Flights  for  2091-T351  Plate  Under 
Mini-TWIST,  Max  Stress  -  26  KSJ. 
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Figure  A10A  Fatigue  Crack  Growth  Rate  Data  for  2091-T351 

0.42”  Plate  (I.-T  Orientation).  General  Dynamics  CA 


,'dN  CHART; 


Crack  Growth  Rate  Data  for  209I-T351  0.42”  Plate 
lenlatlon).  General  Dynamics  CA. 


PECHINEY 


2091-T8X  PLATE 
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TABLE  A18 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39* ) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(XSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(X) 

E 

(MSI) 

NORTHROP 

RT 

LONG 

71.4 

60.6 

10.0 

16.0 

11.5 

71.3 

59.9 

12.0 

16.0 

11.4 

71.8 

61.1 

11.0 

16.0 

11.4 

71.3 

60.4 

10.0 

11.4 

72.0 

60.4 

11.0 

11.4 

72.0 

60.6 

9.0 

11.5 

GRUMMAN 

RT 

LONG 

38.7 

38.2 

6.0 

6.2 

11.8 

70.0 

58.2 

8.5 

9.2 

11.9 

67.8 

58.4 

6.5 

6.8 

11.1 

GENERAL 

RT 

LONG 

72.8 

60.6 

8.0 

DYNAMICS . 

TX 

72.5 

60.8 

7.3 

AVERAGE 

71.1 

59.9 

9.0 

11.7 

11.5 

STANDARD  DEVIATION 

1.6 

1 .  1 

2.0 

4.8 

0.2 
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TABLE  A19 


TENSILE 

RESULTS  AT  t/2  LOCATION  FOR 

PECHINEY 

2091-T8X  PLATE  (0.42* 

X  39*  X 

39*) 

COMPANY 

TEST 

ORIENT- 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

AT  I  ON 

STRENGTH 

STRENGTH 

(X) 

(X) 

(MSI) 

(DEGREES  F) 

(KSI ) 

(KSI) 

NORTHROP 

RT 

L  TRANS 

72.4 

54.8 

12.0 

17.4 

11.5 

72.5 

55.0 

12.0 

17.8 

11.6 

72.4 

55.0 

12.0 

18.5 

11.4 

69.2 

51 . 1 

15.0 

11.4 

69.5 

51.2 

17.0 

11.2 

69.1 

50.9 

16.0 

11.8 

GRUMMAN 

RT 

L  TRANS 

69.5 

53.0 

13.5 

22.3 

11.5 

69.0 

51 . 1 

13.0 

16.8 

13.0 

69. 1 

53.0 

13.5 

17.6 

13.4 

GENERAL 

RT 

L  TRANS 

71.8 

55.9 

11.0 

DYNAMICS . 

TX 

72.0 

55.9 

11.0 

AVERAGE 

70.6 

53.4 

13.3 

18.4 

11.9 

STANDARD  DEVIATION 

1.6 

2.0 

2.0 

2.0 

0.8 
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TABLE  A20 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2001-T8X  PLATE  (0.42*  X  30*  X  30‘) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(X) 

E 

(MSI) 

GRUMMAN 

RT 

45 

53.0 

45.8 

21.0 

20.7 

11.2 

02.5 

45.7 

21.5 

27.2 

11.1 

02.0 

45.3 

20.5 

28.7 

11.1 

AVERAGE 

03.1 

45.0 

21 .0 

28.5 

11.1 

STANDARD 

DEVIATION  0.7 

0.3 

0.5 

1.3 

0. 1 
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TABLE  A21 


TENSILE  RESULTS  AT  t/10  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42s  X  39"  X  39s) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<*) 

RA 

(*) 

E 

(MSI) 

NORTHROP 

RT 

LONG 

71.6 

60.0 

10.0 

11.3 

71.2 

59.9 

10.0 

11.5 

71.4 

60.4 

10.0 

11.1 

AVERAGE 

71.4 

60.1 

10.0 

11.3 

STANDARD 

DEVIATION  0.2 

0.3 

0.0 

0.2 

TABLE  A22 

TENSILE  RESULTS  AT  t/10  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42s  X  39s  X  39s) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT-  ULTIMATE 
AT ION  STRENGTH 
(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%) 

RA 

(%) 

E 

(MSI) 

NORTHROP 

RT 

L  TRANS 

69.6 

51.2 

18.0 

11.1 

69.3 

51.1 

16.0 

11.6 

69.7 

51.4 

15.0 

11.4 

AVERAGE 

69.5 

51.2 

16.3 

11.4 

STANDARD 

DEVIATION 

0.2 

0.2 

1.5 

0.3 
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TABLE  A23 


TENSILE  RESULTS  AT  t/2  LOCATION  WITH  100  HOURS  EXPOSURE  FOR 
PECHINEY  209 1-T8X  PLATE  (0.42'  X  30'  X  30') 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

EXPOSURE 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(X) 

NORTHROP 

RT 

300 

LONG 

77.7 

77.7 

65.8 

65.0 

0.0 

0.0 

12.3 

11.6 

350 

LONG 

75.8 

76.1 

70.6 

70.7 

7.0 

7.0 

15.9 

18.9 

375 

LONG 

71.3 

71.6 

64.7 

64.8 

7.0 

7.0 

18.5 
18. 1 

400 

LONG 

66.9 

66.7 

58. 1 
58.0 

7.0 

7.0 

18.5 
18. 1 
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TABLE  A24 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  30*  X  39*) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI ) 

COMPRESSIVE 

MODULUS 

(KSI) 

NORTHROP 

RT 

LONG 

48.0 

48.3 

48.0 

GRUMMAN 

RT 

LONG 

48.1 

11.9 

50.5 

11.5 

48.4 

11.1 

GENERAL 

RT 

LONG 

48.0 

DYNAMICS.  TX 

49.2 

AVERAGE 

48.8 

11.5 

STANDARD  DEVIATION 

0.8 

0.4 
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TABLE  A25 


COMPANY 


NOKTHROP 


GRUMMAN 


GENERAL 
DYNAMICS . 


COMPANY 


GRUMMAN 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  <0.42*  X  39*  X  39') 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 

TEMPERATURE  YIELD  STRENGTH  MODULUS 

(DEGREES  F)  (KSI)  (KSI) 


RT 

L  TRANS 

57.0 

57.4 

57.5 

RT 

L  TRANS 

38.3 

11.9 

58.2 

11.2 

58.9 

11.6 

RT 

L  TRANS 

57.5 

60.9 

AVERAGE 

58.3 

11.5 

STANDARD  DEVIATION 

1.2 

0.3 

TABLE  A26 

COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  <0.42*  X  39*  X  39') 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 
(KSI ) 

RT 

45 

49.5 

11.3 

48.6 

11.4 

49.6 

10.8 

AVERAGE 

49 . 2 

11.2 

STANDARD 

DEVIATION 

0.6 

0.3 
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TAB LB  A27 


RIVET  SiUt Aft  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39"  X  39") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(RSI ) 


NORTHROP  L-S  35.9 

35.9 

35.9 

GRUMMAN  L-S  36.4 

38.0 

37.8 

AVERAGE  36.6 

STANDARD  DEVIATION  1 . 0 


TABLE  A28 

RIVET  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42"  X  39"  X  39") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 

NORTHROP  T-S  33 . 5 

33.5 

33.9 

GRUMMAN  T-S  34 . 6 

35.9 
37.2 

AVERAGE  34.8 

STANDARD  DEVIATION  1 . 5 
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TABLE  A29 


SLOTTED  SHEAii  RESULTS  FOR  FECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39') 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 

GENERAL  LONG  41.3 

DYNAMICS.  TX  40.9 

AVERAGE  41.1 

STANDARD  DEVIATION  0.3 


TABLE  A30 

SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

SHEAR 
STRENGTH 
(KSI ) 

GENERAL 

L  TRANS 

42.6 

DYNAMICS.  TX 

43.4 

AVEP'GE 

43.0 

STANDARD  DEVIATION 

0 . 6 
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TABLE  A3 1 


BEARING  RESULTS  FOB  PECHINEY 
2091-T8X  PLATE  (0.42*  X  30*  X  30‘) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(XSI) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHROP 

LONG 

1.5 

03.0 

73.0 

80.5 

71.8 

02.5 

73.7 

GRUMMAN 

LONG 

1.5 

02.0 

71.0 

03.8 

73.0 

03.4 

72. 1 

GENERAL 

LONG 

1.5 

117.0 

03.0 

DYNAMICS.  TX 

112.0 

01.4 

AVERAGE 

08.0 

77.5 

STANDARD 

DEVIATION 

10.3 

0. 1 
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TABLE  A32 


BEARING  RESULTS  FOB  PECHINEY 


COMPANY 

2091-T8X  PLATE 

ORIENTATION 

(0.42*  X 

•/D 

39*  X  39') 

BEARING 
ULT.  STB. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHBOP 

L  TRANS 

1.8 

99.3 

75.5 

98.9 

70.0 

97.9 

74.2 

GRUMMAN 

L  TRANS 

1.5 

94.9 

73.0 

91.9 

70.  1 

92.8 

71.0 

GENERAL 

L  TRANS 

1.5 

97.0 

79. 1 

DYNAMICS.  TX 

97.8 

80.5 

AVERAGE 

90.3 

74.9 

STANDARD 

DEVIATION 

2.8 

3.0 
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TABLE  A33 


BEARING  BESULTS  FOR  PECHINEY 
2001 -T8X  PLATE  (0.42*  X  39'  X  30') 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHROP 

LONG 

2.0 

110.4 

86.8 

118.0 

87.8 

118.6 

86.4 

GRUMMAN 

LONG 

2.0 

113.0 

85.6 

115.5 

86.0 

114.2 

87. 1 

GENERAL 

LONG 

2.0 

123.0 

01.3 

DYNAMICS.  TX 

122.0 

94.0 

AVERAGE 

118.1 

88.2 

STANDARD 

DEVIATION 

3.6 

2.9 
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TABLE  A34 


BEARING  RESULTS  FOR  PRCHINEY 


COMPANY 

2091-T8X  PLATE 

ORIENTATION 

(0.42*  X 

•/D 

30*  X  30*) 

BEARING 
ULT.  STR. 
(XSI) 

BEARING 
YIELD  STR. 
(KSI ) 

NORTHROP 

L  TRANS 

2.0 

123.9 

00.7 

124.2 

04.2 

124.1 

02. 1 

GRUMMAN 

L  TRANS 

2.0 

115.0 

88.2 

117.3 

80.5 

114.0 

88.0 

GENERAL 

L  TRANS 

2.0 

00.3 

82.7 

DYNAMICS.  TX 

103.0 

85.3 

AVERAGE 

113.3 

89.0 

STANDARD 

DEVIATION 

0.0 

3.7 
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TABLE  A3 5 


COMPANY 


FRACTURE  TOUGHNESS  RESULTS 
2091-T8X  PLATE  (0.42*  X 

ORIENTATION  XIC 

(XSI  in‘0.5) 


FOR  PECHINEY 
39*  X  39*) 

Kq  COMMENT 

(XSI  in*0 . 5) 


NORTHROP 

L-T 

27.0 

VALID 

28.0 

VALID 

GRUMMAN 

L-T 

40.1 

INVALID ( 1 ) 

43.2 

INVALIDd  .2) 

39.5 

INVALIDU  .2) 

GENERAL 

L-T 

29.9 

INVALID (2. 3. 4) 

DYNAMICS . 

TX 

29.0 

INVALIDC2 .3.4) 

AVERAGE 

27.5 

30.3 

STANDARD 

DEVIATION 

0.7 

0.5 

(1)  :  2 . 5  (Kq)  “2/  (YS)  *2  >  B 

(2)  :  Pmax/Pq  >  1.10 

(3)  :  INSUFFICIENT  THICKNESS 

(4)  :  CRACK  CURVATURE  >  5X 
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TABLE  A36 


FRACTURE  TOUGHNESS  RESULTS  FOR  FECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39') 


COMPANY 

ORIENTATION 

KIC 

(KSI  in*0 . 5) 

Kq 

(KSI  in‘0.5) 

COMMENT 

NORTHROP 

T-L 

29.  B 

VALID 

26.5 

VALID 

GRUMMAN 

T-L 

40.5 

INVALID ( 1 ) 

43.2 

INVALID (1 .2) 

36 . 2 

INVALID (1 .2) 

GENERAL 

T-L 

27.1 

INVALID (2.3) 

DYNAMICS. 

TX 

27.0 

INVALID (2. 3. 4) 

AVERAGE 

29.2 

35.2 

STANDARD  DEVIATION 

0.9 

7.0 

(1)  :  2 . 5 (Kq) * 2/ ( YS) *2  >  B 

(2)  :  Pmax/Pq  >  1.10 

(3)  :  INSUFFICIENT  THICKNESS 

(4) :  CRACK  CURVATURE  >  5X 
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TABLE  A37 


General  Dynamics,  Texas 

Pechiney  2091-T8X  Plate 
(0.42"  X  39"  X  39") 
Results  of  R-Curve  Tests 

KR25»ksi"lnJ5 
L-T  48.3 

L-T  59.? 

T-L  43.2 

T-L  43.2 
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TABLE  438 


SMOOTH  FATIOUE  RESULTS  WITH  R-0.1  AND  Kt*1.0  FOR 
FECHINEY  2091-T8X  PLATE  (0.42*  X  39*  X  39’) 


COMPANY 

ORIENTATION 

STRESS 
(KSI ) 

CYCLES 

NORTHROP 

LONQ 

00.0 

31.299 

50.0 

84.556 

45.0 

135.397 

45.0 

140.237 

40.0 

242.930 

37.5 

1  .386.890 

37.5 

934.697 

35.0 

2.000.000 

(») :  INDICATES  RUN-OUT  TEST 
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Pechiney  2091-T8X  Plate 

(0.42’  X  39*  X  39') 


49 


Figure  All  Fatigue  Results  for  2091-TRX  0.42"  Plate  (R=0.1,  Kt'l.O).  Northrop. 


TABLE  A39 


NOTCHED  FATIGUE  RESULTS  WITH  R-O.l  AND  Kt-3.0  FOR 
FECHINEY  2091-T8X  PLATE  (0.42*  X  39*  X  39  * ) 


COMPANY 

ORIENTATION 

STRESS 

(XSI) 

CYCLES 

NORTHROP 

LONG 

45.0 

13.635 

40.0 

26.179 

35.0 

48.930 

30.0 

216.536 

27.5 

257.234 

27.5 

193.418 

25.0 

474.737 

23.0 

940.075 

(*):  INDICATES 

SLANT  FAILURE 
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Pechiney  2091-T8X  Plate 


51 


Figure  A12  Fatigue  Results  for  2091-T8X  0.42"  Plate  (R*0.1,  Kt=3.0).  Northrop. 


da/dN  (in /CYCLE I 


da/dN  li n /CYCLE) 


Figure  A14  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091 -T8X 
0.42"  Plate  ( T-L  Orientation).  Northrop. 
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da/dN  Imm/CYCLE) 


da/dN  (in/CYCLE) 


AK  <MP»-m'/2) 


Figure  Al5  Fatigue  Crack  Growth  Rate  Data  for  Pechlney  2091-T8X 
0.42"  Plate  (l-T  Orientation).  Grumman. 
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/dN  (mm/CYOLE) 


AK  IHPi-m  ) 


Figure  A16  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091 -T8X 
0.42"  Plate  (T-L  Orientation).  Grumman. 


da/dN  (mm/CYCLE) 


da/dN  (in/CYCLE) 
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Figure  A17  Fatigue  Crack  Growth  Rate  Data  for  Pechlney  2091-TBX 
0.42"  Plate  (T-L  Orientation).  Grumman. 
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da/dN  (mm/CYCLE) 


DR/DN  ( INCHES  PER  CYCLE) 


5TRF55  I NTFM5  I  TY  RRNEE/  DEL.-K 
KE  I  -LjFJH-  I  N 


Material:  2091-T851  Plate 

Age:  335°F-16hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  L-T 

Stress  Ratio:  0.1 

Frequency:  5  Hz 

Figure  A19  Fatigue  Crack  Growth  Rate  Data  for  2091-T8X  0.42"  Plate 
(L-T  orientation).  General  Dynamics  TX. 
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2091-T851  Plate 
335°F- 16  hrs 
Lab  air,  Room  temperature 
T-L 
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Figure  A20  Fatigue  Crack  Growth  Rate  Data  for  2091-T8X  0.42"  Plate 
(T-L  orientation).  General  Dynamics  TX. 
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DR/DN  ( INCHES  PER  CYCLE) 


10  □  10 


5TRE55  INTENSITY  RHMGE/  DEL-K 
r.5l-5KR-IN 

Material:  2091-T851  Plate 

Age:  335°F-16hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  T-L 

Stress  Ratio:  0.1 

Frequency:  5  Hz 

FigureA21  Fatigue  Crack  Growth  Rate  Data  for  2091-T8X  0.42"  Plate 
(T-L  orientation).  General  Dynamics  TX. 


APPENDIX  B 


PECHINEY  2091-T3  AND  2091-T8X 
(0.063"  X  79”  X  39*) 


INTRODUCTION 

The  Pechiney  2091-T3  0.063-inch  sheets  were  received  the  second  quarter  of  1986. 

Three  participants  heat  treated  the  2091-T3  to  a  T8X  tempo1.  Grumman  Aircraft  Systems  and 
Northrop  Corporation  achieved  the  T8  condition  by  aging  the  2091  sheet  at  275°F  for  12  hours 
(recommended  by  die  producer  of  this  alloy).  General  Dynamics  Fort  Worth  Division  aged  the 
2091  sheet  at  335°F  for  32  hours  achieving  the  T81  condition. 

TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc.)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to  ASTM  E647 
standard.  The  growth  rate  a-N  data  that  was  generated  by  the  participants  (Grumman, 

McDonnell  Aircraft  Co.,  and  Northrop)  were  reduced  using  a  seven-point  incremental 
polynomial  method.  This  involves  fitting  a  second-order  polynomial  (parabola)  to  sets  of  seven 
successive  data  points.  The  data  are  also  checked  against  size  requirements  per  ASTM  E647, 
Section  7.2.  General  Dynamics,  TX  performed  constant  amplitude  fatigue  crack  growth  tests 
using  a  K-increasing  (load  increasing)  method. 
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2091-T3  SHEET 
( 0 . 063"x79"x79" ) 


62 


TABLE  B1 


TBNSILB  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(*> 

E 

(MSI) 

BOEING 

RT 

LONG 

57.0 

41.3 

13.0 

56.1 

41.2 

20.0 

58.0 

41.2 

22.0 

LTV 

RT 

LONG 

58.8 

21.5 

58.6 

39.0 

21.0 

10.7 

58.2 

39.4 

19.5 

11.0 

GENERAL 

RT 

LONG 

56.7 

41.1 

20.0 

10.7 

DYNAMICS, 

55.9 

40.3 

20.0 

10.7 

CALIF. 

56.5 

41.7 

18.5 

10.7 

NORTHROP 

58.5 

42.3 

16.9 

58.9 

42.1 

16.9 

59.0 

42.5 

16.9 

MCAIR 

RT 

LONG 

57.5 

42.6 

19.0 

12.0 

57.0 

42.4 

16.0 

12.1 

57.5 

42.4 

23.0 

12.2 

MARTIN 

RT 

LONG 

56.1 

39.4 

18.0 

27.0 

MARIETTA, 

57.6 

40.8 

20.0 

21.0 

LOUISIANA 

59.2 

42.5 

22.0 

25.0 

AVERAGE 

57.7 

41.3 

19.1 

24.3 

11.3 

STANDARD  DEVIATION 

1.0 

1.2 

2.5 

3.1 

0.7 
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TABLE  B2 


TKNSILB  RESULTS  FOR  PECHXNEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F> 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

BLONG 

(*) 

RA 

<%) 

B 

(MSI) 

BOEING 

RT 

L  TRANS 

60.8 

41.5 

16.0 

61.4 

41.5 

17.0 

60.8 

41.6 

16.0 

NORTHROP 

RT 

L  TRANS 

62.0 

41.9 

17.0 

62.7 

41.6 

16.8 

62.0 

42.0 

17.1 

LTV 

RT 

L  TRANS 

61.7 

40.0 

17.0 

10.7 

61.6 

39.9 

18.5 

10.6 

61.9 

39.3 

16.5 

11.0 

GENERAL 

RT 

L  TRANS 

60.0 

41.3 

22.0 

10.9 

DYNAMICS, 

60.2 

41.2 

21.0 

10.9 

CALIF. 

59.7 

41.4 

20.0 

10.9 

MCAIR 

RT 

L  TRANS 

62.0 

42.2 

17.0 

12.0 

60.5 

42.7 

17.0 

12.0 

60.5 

41.9 

18.0 

12.1 

MARTIN 

RT 

L  TRANS 

60.8 

41.2 

17.0 

27.0 

MARIETTA, 

60.5 

40.8 

16.0 

21.0 

LOUISIANA 

60.3 

40.9 

16.0 

24.0 

AVERAGE 

61.1 

41.3 

17.6 

24.0 

11.2 

STANDARD  DEVIATION 

0.9 

0.9 

1.8 

3.0 

0.6 
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TABLE  B3 


COMPRESSION  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI ) 

(KSI) 

BOEING 

RT 

LONG 

39.4 

39.6 

39.9 

LTV 

RT 

LONG 

41.4 

10.6 

41.4 

10.6 

GENERAL 

RT 

LONG 

38.7 

11.7 

DYNAMICS, 

38.9 

12.0 

CALIF. 

39.1 

12.0 

AVERAGE 

39.8 

11.4 

STANDARD  DEVIATION 

1.0 

0.7 

TABLE  B4 

COMPRESSION  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(KSI) 

BOEING 

RT 

L  TRANS 

44.6 

44.7 

44.5 

LTV 

RT 

L  TRANS 

45.9 

45.2 

45.3 

GENERAL 

RT 

L  TRANS 

42.7 

11.8 

DYNAMICS, 

44.3 

11.5 

CALIF. 

AVERAGE 

44.7 

11.7 

STANDARD  DEVIATION 

1.0 

0.2 

65 


TABLE  BS 


PUNCH  SHEAR  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


BOEING  S  TRANS  36.0 

36.5 

36.0 

AVERAGE  36.2 

STANDARD  DEVIATION  0.3 


TABLE  B6 

SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063*  X  39"  X  39") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


BOEING  LONG  39.8 

39.0 

36.9 

LTV  LONG  38.3 

38.6 

37.9 

MCAIR  LONG  38.1 

37.9 

38.2 

AVERAGE  38.3 

STANDARD  DEVIATION  0.8 
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TABLE  B7 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063-  X  39"  X  39") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


BOEING  T  -  L  36.8 

40.1 

36.4 

LTV  T  -  L  40.0 

40.5 
40.5 

MCAIR  T  -  L  39.2 

37.9 

39.0 


AVERAGE  38.9 

STANDARD  DEVIATION  1 . 5 
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TABLE  B8 


BEARING  RESULTS  FOR  PKCHINKY 
2091-T3  SHEET  <0.063-  X  79"  X  39") 


COMPANY  ORIENTATION  «/D  BEARING  BEARING 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

BOEING 

LONG  1 . 5 

88.9 

61.4 

90.2 

63.0 

90.3 

63.5 

LTV 

LONG  1.5 

90.4 

58.9 

88.5 

61.2 

89.3 

61.4 

GENERAL 

LONG  1 . 5 

88.6 

66.6 

DYNAMICS, 

88.1 

64.0 

CALIF. 

90.0 

64.0 

AVERAGE 

89.4 

62.7 

STANDARD  DEVIATION 

0.9 

2.2 

COMPANY 

TABLE  B9 

BEARING  RESULTS  FOR  PECHINEY 

2091-T3  SHEET  (0.063"  X  79"  X  39") 

ORIENTATION  «/D  BEARING 

ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

L  TRANS 

1.5 

92.9 

62.6 

93.1 

63.3 

93.1 

63.3 

LTV 

L  TRANS 

1.5 

91.0 

60.5 

92.1 

59.7 

92.2 

61.8 

GENERAL 

L  TRANS 

1.5 

90.3 

65.7 

DYNAMICS, 

88.5 

62.3 

CALIF. 

87.9 

64.0 

AVERAGE 

91.2 

62.6 

STANDARD 

DEVIATION 

2.0 

1.8 
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TABLE  BIO 


BEARING  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

ORIENTATION 

m/D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(XSI ) 

(KSI) 

BOEING 

LONG 

2.0 

115.2 

75.6 

115.8 

76.1 

115.3 

76.2 

LTV 

LONG 

2.0 

111.6 

77.3 

111.0 

76.4 

112.5 

76.9 

GENERAL 

LONG 

2.0 

115.6 

76.8 

DYNAMICS, 

114.3 

73.2 

CALIF. 

MCAIR 

LONG 

2.0 

73.5 

73.9 

AVERAGE 

113.9 

75.6 

STANDARD 

DEVIATION 

1.9 

TABLE  Bll 

BEARING  RESULTS  FOR  PECHINSY 

2091-T3  SHEET 

(0.063"  X  79" 

X  39") 

COMPANY 

ORIENTATION 

m/D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(KSI ) 

(KSI) 

BOEING 

L  TRANS 

2.0 

118.8 

76.5 

115.2 

75.4 

LTV 

L  TRANS 

2.0 

111.1 

75.9 

114.1 

78.8 

116.0 

75.1 

GENERAL 

L  TRANS 

2.0 

120.6 

76.8 

DYNAMICS, 

115.9 

81.8 

CALIF. 

111.7 

80.3 

MCAIR 

L  TRANS 

2.0 

76.5 

72.7 

AVERAGE 

115.4 

77.0 

STANDARD 

DEVIATION 

3.2 

2.7 
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TABLE  B12 


General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-Li  B-5-LT-1 

W  =  3.994  in  Fty-  41.10  ksi 

B  =  0.0644  in  Pmax  =  7S40  lb 
as  1.255  in 
a/2  =  0.6275  in 

Loads 


aeff 

5000 

7540 

10000 

Load 

rr^m 

aplastic 

aeff 

K 

0.6 

28 

45 

■ivrnta 

■||1 

0.6 

29 

44 

58 

200 

0.7225 

0.0002 

0.7227 

1 

0.7 

30 

45 

59 

600 

0.7225 

0.0014 

0.7239 

4 

0.7 

30 

46 

61 

1000 

0.7225 

0.0038 

0.7263 

6 

0.7 

31 

47 

62 

1400 

0.7225 

0.0075 

0.7300 

9 

0.7 

32 

48 

64 

1800 

0.7225 

0.0124 

0.7349 

12 

0.8 

33 

49 

65 

2200 

0.7225 

0.0186 

0.7411 

14 

0.8 

33 

51 

67 

2600 

0.7225 

0.0259 

0.7484 

17 

0.8 

34 

52 

69 

2800 

0.7250 

0.0302 

0.7552 

18 

0.8 

35 

53 

70 

3200 

0.7250 

0.0395 

0.7645 

21 

0.9 

36 

54 

72 

3600 

0.7250 

0.0499 

0.7749 

24 

0.9 

37 

55 

73 

4000 

0.7275 

0.0619 

0.7894 

27 

0.9 

38 

57 

75 

4400 

0.7275 

0.0750 

0.8025 

30 

0.9 

38 

58 

77 

4600 

0.7275 

0.0819 

0.8094 

32 

1.0 

39 

59 

78 

4800 

0.7300 

0.0896 

0.8196 

33 

1.0 

40 

60 

80 

5200 

0.7300 

0.1052 

0.8352 

37 

1.0 

41 

62 

82 

5600 

0.7300 

0.1220 

0.8520 

40 

1.0 

42 

63 

84 

5800 

0.7300 

0.1309 

0.8609 

42 

1.1 

43 

65 

86 

6000 

0.7450 

0.1440 

0.8890 

45 

1.1 

44 

66 

88 

6200 

0.7450 

0.1538 

0.8988 

46 

1.1 

45 

68 

90 

6400 

0.7600 

0.1685 

0.9285 

49 

6800 

0.7600 

0.1902 

0.9502 

53 

7000 

0.7700 

0.2053 

0.9753 

56 

7200 

0.7700 

0.2172 

0.9872 

58 

7400 

0.7850 

0.2359 

1.0209 

62 

Kc  -  61.8  Ksi  -/in 
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Figure  Bt  R-Curve  Results  for  2091-T3  0.063"  Sheet  (LT)  General  Dynamics 


TABLE  B13 


General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-Li  B-5-LT-2 

W=  3.995  in  Fty*41.10ksi 

B  =  0.0647  in  Pmax=  72501b 
a=  1.255  in 
a/2  =  0.6275  in 

Loads 


aeff 

5000 

7250 

10000 

Load 

a  0»M) 

aplastic 

aeff 

K 

0.6 

- ST" 

- *T“ 

- 55* 

0 

TT 6275 

0.6275 

T 

0.6 

29 

42 

58 

200 

0.7250 

o!ooo2 

0.7252 

l 

0.7 

30 

43 

59 

600 

0.7250 

0.0014 

0.7264 

4 

0.7 

30 

44 

61 

1000 

0.7250 

0.0038 

0.7288 

6 

0.7 

31 

45 

62 

1400 

0.7250 

0.0075 

0.7325 

9 

0.7 

32 

46 

64 

1800 

0.7250 

0.0124 

0.7374 

12 

0.8 

33 

47 

65 

2200 

0.7250 

0.0185 

0.7435 

14 

0.8 

33 

48 

67 

2600 

0.7250 

0.0258 

0.7508 

17 

0.8 

34 

49 

68 

2800 

0.7250 

0.0299 

0.7549 

18 

0.8 

35 

51 

70 

3200 

0.7250 

0.0391 

0.7641 

21 

0.9 

36 

52 

71 

3600 

0.7250 

0.0494 

0.7744 

24 

0.9 

36 

53 

73 

4000 

0.7275 

0.0613 

0.7888 

27 

0.9 

37 

54 

75 

4200 

0.7275 

0.0676 

0.7951 

29 

0.9 

38 

55 

76 

4400 

0.7300 

0.0746 

0.8046 

30 

1.0 

39 

57 

78 

4600 

0.7300 

0.0815 

0.8115 

32 

1.0 

40 

58 

80 

4800 

0.7300 

0.0887 

0.8187 

33 

1.0 

41 

59 

82 

5200 

0.7300 

0.1041 

0.8341 

37 

1.0 

42 

60 

83 

5600 

0.7300 

0.1208 

0.8508 

40 

1.1 

43 

62 

85 

5800 

0.7300 

0.1296 

0.8596 

42 

1.1 

44 

63 

87 

6000 

0.7300 

0.1387 

0.8687 

44 

1.1 

45 

65 

89 

6200 

0.7325 

0.1488 

0.8813 

46 

6400 

0.7325 

0.1585 

0.8910 

47 

6800 

0.7375 

0.1806 

0.9181 

52 

7000 

0.7450 

0.1941 

0.9391 

54 

7200 

0.7550 

0.2092 

0.9642 

57 

73 


a  (in) 

Piqure  B2  R-Ojrve  Results  for  2091-T3  0.063"  Sheet  (LT) 


TABLE  B14 


General  Dynamics,  CA 


ASTM  E561  R  Curve  CCT  Al-Li  B-5-LT-3 

W«  3.992  in  Fry-  41.10  ksi 

B-  0.0642  in  Pmax-  58751b 

t-  0600  in 
a/2-  0.6300 in 

Loads 


aeff 

4000 

5875 

8000 

Load 

UlIDifl 

aeff 

K 

23 

3i 

"  4S 

■ir.trria 

■lYivnn 

■ur.ictoH 

Hill 

rT 

23 

34 

47 

200 

0.7275 

0.0002 

0.7277 

i 

■Sv 

24 

35 

48 

600 

0.7275 

0.0014 

0.7289 

4 

0.7 

24 

36 

49 

1000 

0.7275 

0.0039 

0.7314 

6 

0.7 

25 

37 

50 

1400 

0.7275 

0.0076 

0.7351 

9 

0.7 

26 

38 

51 

1800 

0.7275 

0.0126 

0.7401 

12 

0.8 

26 

39 

53 

2000 

0.7275 

0.0156 

0.7431 

13 

0.8 

27 

40 

54 

2200 

0.7275 

0.0189 

0.7464 

14 

0.8 

28 

40 

55 

2600 

0.7275 

0.0264 

0.7539 

17 

0.8 

28 

41 

56 

3000 

0.7275 

0.0351 

0.7626 

20 

0.9 

29 

42 

58 

3400 

0.7275 

0.0451 

0.7726 

23 

■OR 

29 

43 

59 

3800 

0.7275 

0.0563 

0.7838 

26 

0.9 

30 

44 

60 

4200 

0.7275 

0.0688 

0.7963 

29 

HE 

31 

45 

62 

4400 

0.7275 

0.0755 

0.8030 

30 

1.0 

31 

46 

63 

4600 

0.7275 

0.0825 

0.8100 

32 

1.0 

32 

47 

64 

4800 

0.7275 

0.0899 

0.8174 

34 

1.0 

33 

48 

66 

5000 

0.7275 

0.0975 

0.8250 

35 

5*00 

0.7275 

0.1055 

0.8330 

37 

5400 

0.7275 

0.1137 

0.8412 

39 

5600 

0.7275 

0.1223 

0.8498 

40 

5800 

0.7275 

0.1312 

0.8587 

42 

Kc  -  1  its!  Specimen  failed 


in  doubler  region 
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Figure  B3  R-Curve  Results  for  2091-T3  0.063"  Shoot  (LT) .  General  Dynamics 


TABLE  B15 


General  Dynamics,  CA 

ASTM  ES61  R  Curve  CCT  Al-U  B-5-TL-1 

*  3.995  in  Fty  =  41.10  ksi 

=  0.0649  in  Pmax=  72901b 

a  *  1.25  in 

1/2*  0.625  in 


Loads 

5000 

7290 

10000 

28 

raaStffty  1  IMj 

29 

42 

58 

30 

43 

59 

30 

44 

60 

31 

45 

62 

32 

46 

63 

32 

47 

65 

33 

48 

66 

34 

50 

68 

35 

51 

70 

36 

52 

71 

36 

53 

73 

37 

54 

74 

38 

55 

76 

39 

57 

78 

40 

58 

80 

41 

59 

81 

42 

61 

83 

43 

62 

85 

44 

63 

87 

45 

65 

89 

Load  a  (half)  aplastic  aeff  K 


200  0.7400  0.0002  0.7402  1 

600  0.7400  0.0014  0.7414  4 

1000  0.7400  0.0039  0.7439  6 

1400  0.7400  0.0076  0.7476  9 

1600  0.7425  0.0100  0.7525  10 

2000  0.7425  0.0157  0.7582  13 

2400  0.7425  0.0226  0.7651  16 

2800  0.7425  0.0307  0.7732  19 

3200  0.7425  0.0401  0.7826  21 

3600  0.7425  0.0508  0.7933  24 

4000  0.7425  0.0627  0.8052  27 

4400  0.7425  0.0759  0.8184  30 

4600  0.7425  0.0829  0.8254  32 

4800  0.7450  0.0907  0.8357  34 

5000  0.7475  0.0989  0.8464  35 

5200  0.7525  0.1079  0.8604  37 

5600  0.7525  0.1252  0.8777  41 

6000  0.7525  0.1437  0.8962  44 

6200  0.7550  0.1542  0.9092  47 

6400  0.7575  0.1650  0.9225  49 

6600  0.7575  0.1755  0.9330  51 

6800  0.7625  0.1881  0.9506  53 

7000  0.7625  0.1993  0.9618  55 

7200  0.7950  0.2238  1.0188  60 
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Figure  B4  R-curve  Results  for  2091-T3  0.063"  Sheet  (TL) 


TABLE  B16 


General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-Li  B-5-TL-2 

W=  3.992  in  Fty  =  41.10  ksi 

B  =  0.0646  in  Pmax=  74501b 

a-  1.2550  in 
a/2  =  0.6275  in 

Loads 


aeff 

5000 

7450 

10000 

Load 

a  (half) 

aplastic 

aeff 

0.6 

28 

42'” 

55" 

0 

"GZYfS 

0.0000 

0.6275 

0.6 

29 

43 

58 

200 

0.7275 

0.0002 

0.7277 

0.7 

30 

44 

59 

400 

0.7275 

0.0006 

0.7281 

0.7 

30 

45 

61 

600 

0.7325 

0.0014 

0.7339 

0.7 

31 

46 

62 

1000 

0.7325 

0.0039 

0.7364 

0.7 

32 

48 

64 

1400 

0.7325 

0.0076 

0.7401 

0.8 

33 

49 

65 

1800 

0.7325 

0.0126 

0.7451 

0.8 

33 

50 

67 

2200 

0.7325 

0.0188 

0.7513 

0.8 

34 

51 

68 

2600 

0.7325 

0.0263 

0.7588 

0.8 

35 

52 

70 

3000 

0.7325 

0.0350 

0.7675 

0.9 

36 

53 

72 

3400 

0.7325 

0.0450 

0.7775 

0.9 

37 

55 

73 

3600 

0.7425 

0.0513 

0.7938 

0.9 

37 

56 

75 

3800 

0.7425 

0.0572 

0.7997 

0.9 

38 

57 

77 

4000 

0.7450 

0.0637 

0.8087 

1.0 

39 

58 

78 

4200 

0.7450 

0.0702 

0.8152 

1.0 

40 

60 

80 

4400 

0.7525 

0.0781 

0.8306 

1.0 

41 

61 

82 

4600 

0.7525 

0.0854 

0.8379 

1.0 

42 

62 

84 

4800 

0.7550 

0.0934 

0.8484 

1.1 

43 

64 

86 

5400 

0.7550 

0.1183 

0.8733 

1.1 

44 

65 

88 

5600 

0.7575 

0.1278 

0.8853 

1.1 

45 

67 

90 

6000 

0.7575 

0.1467 

0.9042 

6200 

0.7600 

0.1573 

0.9173 

6400 

0.7600 

0.1677 

0.9277 

6600 

0.7675 

0.1808 

0.9483 

6800 

0.7725 

0.1937 

0.9662 

7000 

0.7800 

0.2081 

0.9881 

7200 

0.7875 

0.2232 

1.0107 

7400 

0.8025 

0.2423 

1.0448 

Kc  -  63.0  KsiVTn 
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M'Ov]^tOvOvlln»tCI^UM\OOOOvAUO^^IO'OOsAU 


ASTM  E561  R-Curve  Chart 


TABLE  B17 


General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-Li  B-5-TL-3 

W=  3.996  in  Fty  =  41.10  ksi 

B  =  0.0642  in  Pmax=  72901b 

a=  1.2500  in 
a/2  =  0.6250  in 

Loads 


aeff 

5000 

7290 

10000 

Load 

a  (half) 

a  plastic 

aeff 

K 

0.6 

28 

~4I 

5T 

""  0 

■Li 

0.6 

29 

42 

58 

200 

0.7250 

0.0002 

0.7252 

1 

0.7 

43 

600 

0.7250 

0.0014 

0.7264 

4 

0.7 

31 

45 

61 

1000 

0.7250 

0.0039 

0.7289 

6 

0.7 

31 

46 

63 

1400 

0.7250 

0.0076 

0.7326 

9 

0.7 

32 

47 

64 

1800 

0.7250 

0.0125 

0.7375 

12 

0.8 

33 

48 

66 

2000 

0.7250 

0.0155 

0.7405 

13 

0.8 

34 

49 

67 

2400 

0.7250 

0.0223 

0.7473 

16 

0.8 

34 

69 

2800 

0.7250 

0.0304 

0.7554 

18 

0.8 

35 

51 

3200 

0.7250 

0.0397 

0.7647 

21 

0.9 

36 

52 

72 

3600 

0.7250 

0.0502 

0.7752 

24 

0.9 

37 

54 

74 

3800 

0.7250 

0.0559 

0.7809 

26 

0.9 

38 

55 

75 

4200 

0.7250 

0.0683 

0.7933 

29 

0.9 

38 

56 

77 

4600 

0.7250 

0.0820 

0.8070 

32 

39 

57 

79 

4800 

0.7250 

0.0892 

0.8142 

33 

59 

80 

5200 

0.7250 

0.1047 

0.8297 

37 

IV 

41 

82 

5600 

0.7250 

0.1215 

0.8465 

40 

42 

61 

84 

5800 

0.7250 

0.1303 

0.8553 

42 

1.1 

43 

63 

86 

6000 

0.7250 

0.1394 

0.8644 

44 

1.1 

44 

64 

88 

6400 

0.7250 

0.1586 

0.8836 

47 

1.1 

45 

66 

6600 

0.7250 

0.1687 

0.8937 

49 

6800 

0.7250 

0.1791 

0.9041 

51 

7000 

0.7250 

0.1898 

0.9148 

53 

7200 

0.7250 

0.2008 

0.9258 

55 

Kc  *  55.4  Ksi ViP 


80 
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Figure  B6  R-Curve  Results  for  2091-T3  0.063"  Sheet  (TL) .  General  Dynamics 


SPICIKN 

OSIEHTRTIQM 

SLOT  LIH5IH 

PKCMtt  LCMSTH 

rm  cw:t  icnsth 

loro  or  mute 

ptftd  siass  finnupi 

lDUliriUTlOM 

2a.  (IN) 

2a,  (IN) 

2a,  (IN) 

(IB) 

10U6WCSS,  It,  (BI(IN)*.S) 

1 

IR 

1.5115 

2.1006 

2.2(80 

10,900 

57.0 

2 

1.59(5 

2.1  GOO 

2.2566 

10,530 

57.1 

RUUIIGC 

— 

MM— 

— 

.5(0 

57.2 

3 

HI 

1.9525 

2.0953 

2.2120 

ii  ’(0 

57.1 

1 

1.9965 

2.1015 

2.1815 

lir',900 

55.9 

axm 

— 

— 

— 

10,920 

56.5 

m  colli  mo  pjo  iisono  pip  bsid  sirhcbso  test  ktmoo  ism-si. 


The  four  toughness  specinens  were  tested  in  accordance  with 
RSTM  Standard  Test  Method  ES61-81.  The  specinens  were 
precracked  to  a  total  crack  length,  2a,  equal  to  35X  of  the 
width,  as  is  required  per  the  standard.  fl  stress  ratio  of 
0.1  was  used  for  precracking.  The  specinens  were  statically 
failed  using  a  loading  rate  of  3000  pound/ninute. 
Cathetoneters  were  used  to  nonitor  crack  length  during  static 
loading  to  deternine  the  final  crack  length,  at  failure, 
which  is  required  for  toughness  calculations.  Table  M8 
presents  toughness  test  data.  All  four  specinens  had  a  plane 
stress  toughness  ualue  in  the  range  of  56  to  57  ksi<in>*.5. 

It  should  be  noted  that  no  plastic  zone  corrections  were 
incorporated  into  the  toughness  calculations. 
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R-CURVE  FOR  2091  SHEET  (longitudinal) 

(•«•  dive  crick  length  adjusted  lor  plastic  zone) 


1.0  1.5  2.0  2.5  3.0  3.5 

HALF  EFFECTIVE  CRACK  LENGTH.  Ae  (Ae-Ao+Ap+rho)  in  inches 


Figure  B7  R-Curve  Results  for  2091-T3  0.063"  Sheet  ( longitudinal) 
Martin  Marietta,  LA. 


R-CURVE  FOR  2091  SHEET  (transverse) 

(effective  crack  length  adjusted  lor  plastic  zone) 


1.0  1.5  2.0  2.5  3.0  3.5 


HALF  EFFECTIVE  CRACK  LENGTH.  Ae  (Ae-Ao+Ap«-rho)  in  inches 

Figure  B8  R-Curve  Results  for  2091-T3  0.063"  Sheet  (transverse). 
Martin  Marietta 


R-CURVE  FOR  2091  SHEET  (longitudinal) 


HALF  CRACK  LENGTH,  inches 

Figure  B9  R-Curve  Results  for  2091-T3  0.063"  Sheet  (longitudinal). 
Martin  Marietta,  LA. 


R-CURVE  FOR  2091  SHEET  (transverse) 


Figure  BIO  R-Curve  Results  for  2091-T3  0.063"  Sheet  (transverse). 
Martin  Marietta,  LA. 
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TABLE  B19 


Martin  Marietta,  LA 


DATA  FOR  SPECIMEN  NO.  4,  2091 
LONGITUDINAL  SHEET 


Load,  kips 

1 - 

1 

I  Half  Crack 

1  Length 

1  (c)  inch 

1 

T 

1  Half 

1  Crack  Length, 

1  (c  ♦  rho) 

1  inch 

1 

1 

1  Corresponding  Fracture 

I  Toughness,  ksi  v/inch 

1  Not  Adjusted  1  Adjusted  for 

1  1  Plasticity 

1  1 

0.0 

1 

1  1.215 

1 

1  1.215 

1 

|  0.0 

n 

1  0.0 

1.17 

1  1.215 

1  1.217 

1  4.81 

1  4.55 

2.54 

1  1 .220 

1  1 .229 

I  10.47 

1  9.86 

3.71 

1  1 .270 

1  1 .294 

I  15.69 

I  15.85 

4.79 

1  1 .295 

1  1 .336 

1  20.51 

1  20.87 

5.76 

1  1 .300 

1  1 .361 

I  24.73 

1  25.35 

7.08 

1  1.310 

1  1 .406 

I  30.54 

1  31 .71 

8.21 

I  1.310 

1  1 .442 

|  35.42 

1  37.24 

9.38 

1  1.315 

1  1 .493 

I  40.56 

1  43 .31 

10.41 

1  1 .320 

1  1 .560 

1  45.13 

I  50.26 

11.28 

1  1 .320 

1  1 .61 5 

I  48.90 

I  55.05 

12.07 

I  1 .325 

i  1.680 

1  52.45 

1  61 .05 

12.70 

1  1 .330 

1  1.756 

I  55.30 

1  66.92 

13.29 

1  1 .330 

1  1.821 

I  57.90 

1  71 .84 

13.76 

1  1 .340 

1  1.519 

1  60.33 

1  78.02 

14.12 

1  1 .345 

1  1 .986 

1  61 .57 

1  82.10 

14.51 

1  1.365 

1  2.159 

1  64.30 

1  91 .36 

14.80 

1  1 .370 

1  2.381 

I  65.74 

1  103.09 

Thickness 
Yiel  d 

Specimen  kidth 


.063  inch 
40.5  ksi 
8.00  inch 
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TABLE  B20 


Martin  Marietta,  IA 


OATA  FOR  SPECIMEN  NO.  5  2091 
LONGITUDINAL  SHEET 


- - r 

i 

T 

1 

r 

Half  t 

Corresponding  Fracture 

i 

Half  Crack 

1 

Crack  Length,  1 

Toughness,  ksi  v^inch 

Load,  kips  1 

Length 

1 

(c  ♦  rho)  T 

Not  Adjusted  |  Adjusted  for 

1 

1 

(c)  inch 

1 

1 

Inch  1 

1 

1  Plasticity 

1 

0.0 

— I- 
1 

1.220 

1 

I  1 .220 

1 - 

1  0.0 

1 

I  0.0 

1 .06 

1 

1.220 

I  1 .222 

1  4.37 

I  4.12 

2.09 

1 

1.220 

1  1 .226 

1  8.62 

I  8.12 

3.46 

1 

1.295 

1  1.317 

1  14.90 

I  15.04 

4.67 

1 

1.300 

1  1 .340 

I  20.05 

1  20.36 

5.55 

1 

1.305 

1  1 .362 

i  23.88 

1  24.48 

6.53 

I 

1.310 

1  1 .390 

1  28.17 

I  29.C9 

7.62 

1 

1.310 

1  1 .442 

|  32.67 

|  34.33 

8.52 

1 

1.310 

1  1 .453 

t  36.76 

1  38.80 

9.54 

i 

1.310 

1  1 .494 

1  41.16 

I  44.03 

10.32 

1 

1.315 

1  1 .549 

I  44.63 

1  49.59 

11.14 

1 

1.315 

1  1 .599 

I  46.17 

,1  54.60 

11.74 

1 

1.315 

1  1 .640 

I  50.77  , 

'1  56.47 

12.39 

1 

1.320 

1  1 .699 

1  53.71  / 

I  63. OS 

13.19 

1 

1.330 

1  1 .80S 

1  57.46  / 

1  59.77  / 

1  61 .88  / 

1  70.97 

13.71 

1 

1.335 

1  1.891 

I  76.77 

14.71 

1 

1.335 

1  1.974 

1  81 .55 

14.52 

1 

1 .340 

1  2.076 

1  63.57 

1  87.94 

14.79 

l 

1.355 

1  2.262 

i  65.22 

1  97.62 

Thickness 

Yield 

Specimen  Width 


.063  inch 
40.9  ksi 
6.00  Inch 


/ 


86 


TABLE  B21 


Martin  Marietta,  LA 

DATA  FOR  SPECIMEN  NO.  6  2091 
TRANSVERSE  SHEET 


Load,  kips 

1 - 

1 

I  Half  Crack 

1  Length 

!  (c)  inch 

1 

T - 

1  Half 

1  Crack  Length, 

1  (c  +  rho) 

1  inch 

Corresoondi no  Fracture 
Toughness,  ksi  Inch 

Not  Adjusted  I  Adjusted  for 

I  Plasticity 

1 

0.0 

-j— 

1  1.215 

1  1 .21 5 

0.0 

0.0 

2.19 

1  1 .21 5 

1  1 .222 

9.01 

8.49 

3. SO 

1  1 .220 

1  1.238 

14.43 

13.60 

5.47 

l  1 .220 

1  1 .271 

22.56 

23.05 

7.00 

1  1 .282 

1  1 .373 

29.79 

30.90 

fa. 75 

1  1 .295 

1  1 .445 

37.47 

39.65 

10.16 

1  1.300 

1  1 .521 

43.61 

48.23 

11.43 

1  1 .300 

1  1 .60S 

49.19 

56.11 

12.43 

1  1 .305 

I  1 .680 

53.49 

62.77 

13.31 

1  1 .305 

1  1 .761 

57.28 

70.74 

13.95 

1  1 .320 

1  1.906 

60.48 

78.51 

14.21 

1  1 .327 

1  1 .565 

61 .63 

61.67 

14.42 

1  1 .330 

1  2.028 

62.82 

85.66 

14.62 

1  1 .355 

1  3.433 

65.73 

146.00 

Thickness 

Yield 

Specimen  Uidth 


.063  inch 
40. S  ksi 
8.00  inch 


87 


TABLE  B22 


Martin  Marietta,  XA 


DATA  FOR  SPECIMEN  NO.  7,  2091 
TRANSVERSE  SHEET 


Load,  kips 

1 

1 

1  Half  Crack 

1  Length 

1  (c)  inch 

1 

1  Half 

1  Crack  Length, 

1  (c  ♦  rho) 

!  inch 

1  Corresponding  Fracture 

!  Toughness,  ksl  v'inch 

1  Not  Adjusted  1  Adjusted  for 

j  1  Plasticity 

1  i 

0.0 

1 

1  1 .225 

i  1 .225 

1 

1  0.0 

0.0 

1 .62 

1  1 .225 

1  1 .228 

i  6.28 

5.92 

3.00 

1  1 .225 

1  1.238 

1  12.40 

11.68 

4.51 

1  1 .225 

1  1 .259 

1  18.65 

18.92 

7.00 

1  1 .260 

1  1 .324 

I  25.20 

25.94 

7.50 

1  1 .275 

1  1.380 

1  31 .81 

33.16 

9.11 

I  1 .305 

1  1 .470 

i  39.20 

41.69 

10.51 

1  1 .305 

1  1 .547 

I  45.23 

50.43 

11.86 

1  1 .305 

i  1 .635 

I  51.04 

58.91 

12.74 

1  1.310 

1  1 .729 

1  54.96 

66.33 

13.40 

1  1 .320 

1  1.817 

i  58.09 

72.27 

13.65 

i  1 .360 

1  1.577 

i  61 .40 

80.55 

14.28 

1  1 .375 

I  2.107 

1  63.58 

87.73 

14.56 

1  1 .390 

1  2.299 

I  65.30 

97.73 

14.77 

1  1 .400 

1  3.245 

1  66.56 

139.00 

Thickness 

*  .063  inch 

Yield 

*  40.9  ksi 

Specimen  Kictr.  *  6.00  inch 
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TABLE  B23 


FATIGUE  RESULTS  WITH  R-O.l  AND  Kt-1.0  FOR 
FBCHINEY  2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

GENERAL 

LONG 

21.8 

10,000,000  * 

DYNAMICS, 

25.0 

1,888,000 

CALIF. 

27.0 

10,140,000  * 

30.0 

303,000 

32.0 

363,000 

35.0 

143,000 

38.0 

122,000 

(*) s INDICATES  A  RUN-OUT  TEST 


TABLE  B24 

FATIGUE  RESULTS  WITH  R-0.1  AND  Kt-3.0  FOR 
PECHINBY  2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

GENERAL 

LONG 

10.0 

10,000,000  * 

DYNAMICS, 

12.0 

319,000 

CALIF. 

13.0 

10,330,000  * 

13.5 

193,000 

14.5 

158,000 

16.0 

163,000 

20.0 

47,000 

25.0 

15,000 

(•):  INDICATES  A  RUN-OUT  TEST 
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TABLE  B25 


FATIGUE  RESULTS  WITH  R-O.l  AMO  Kt-2.8  FOR 
PECHINEY  2091-T3  SHEET  (0.063*  X  79"  X  39") 


COMPANY  ORIENTATION  STRESS  CYCLES 

(RSI) 

LTV  LONG  15.4 

15.4 

15.5 

16.5 

16.5 

18.5 
18.7 
19.0 
22.1 
22.4 
22.4 


( * ) :  INDICATES  A  RUN-OUT  TEST 

(#) t  INDICATES  SPECIMEN  FAILED  IN  GRIP 


TABLE  826 


FATIGUE  RESULTS  WITH  R-0.1  AND  Kt-2.8  FOR 


COMPANY 

PECHINEY  2091-T3  SHEET 

ORIENTATION 

(0.063*  X  79"  X  39*) 

STRESS 

(RSI) 

CYCLES 

LTV 

L  TRANS 

15.5 

1,500,000  * 

16.0 

369,700 

18.7 

94,490 

18.7 

138,430 

22.1 

84,900 

22.5 

52,100 

(*):  INDICATES  A  RUN-OUT  TEST 


1,000,000  * 
410,760 
700,100 
192,020 
236,950 
202,250 
203,450  # 
155,800 
83,190 
76,450 
49,000 
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a/dN  Nn/CrCLt/ 


AK  IMP«-m,/Jl 


Figure  B14  ratigue  Crack  Growth  Rate  Data  for  ^echinev  2091-T3 

0.063"  Sheet  (L-T  Orientation) .  McDonnel  Aircraft  LA. 
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/dN  Imm/CYCLE) 


AK  (KSI-ln,/J) 


'igure  B15  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091-T3 

0.063"  Sheet  (T-L  Orientation) .  McDonnell  Aircraft  LA. 
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da/dN  (mm/CYCLE) 


2091-T8X  SHEET 
(0 .063"x79"x79" ) 
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TABLE  B27 


TENSILE  RESULTS  FOR  PECHINEY 
2091-T8X  SHEET  <0.063"  X  79"  X  39") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

<%> 

MODULUS 

(MSI) 

NORTHROP 

RT 

LONG 

62.9 

47.5 

15.6 

11.1 

63.0 

47.4 

16.5 

11.1 

63.1 

47.7 

18.3 

10.5 

GRUMMAN 

RT 

LONG 

61.8 

47.3 

15.5 

10.9 

61.8 

47.7 

16.5 

11.2 

62.8 

47.3 

15.5 

11.6 

GENERAL 

RT 

LONG 

65.6 

49.7 

14.1 

DYNAMICS, 

64.7 

49.1 

14.1 

TEXAS 

AVERAGE 

63.2 

48.0 

15.8 

11.1 

STANDARD  DEVIATION 

1.3 

0.9 

1.4 

0.4 

TABLE  B28 

TENSILE  RESULTS  FOR  PECHINEY 
2091-T8X  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%> 

RA 

(%) 

MODULUS 

(MSI) 

NORTHROP 

RT 

L  TRANS 

65.9 

47.5 

14.3 

11.0 

66.0 

47.6 

13.6 

11.4 

66.6 

48.0 

14.0 

11.2 

GRUMMAN 

RT 

L  TRANS 

64.4 

46.3 

12.0 

11.0 

64.6 

46.6 

15.0 

11.4 

64.8 

46.7 

14.0 

11.5 

GENERAL 

RT 

L  TRANS 

67.2 

50.2 

11.0 

DYNAMICS, 

67.5 

50.7 

10.4 

TEXAS 

AVERAGE 

65.9 

48.0 

13.0 

11.3 

STANDARD  DEVIATION 

1.2 

1.7 

1.7 

0.2 
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TABLE  B29 


COMPRESSION  RESULTS  FOR  PECHXNEY 


2091-T8X 

SHEET  (0.063" 

X  79"  X 

39") 

COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD 

STRENGTH 

MODULUS 

(DEGREES  F) 

(RSI ) 

(MSI) 

NORTHROP 

RT 

LONG 

46.8 

11.6 

46.7 

11.5 

46.9 

11.5 

CRUMMAN 

RT 

LONG 

45.3 

11.6 

47.9 

11.5 

46.3 

11.5 

GENERAL 

RT 

LONG 

48.8 

DYNAMICS , 

49.7 

TEXAS 

AVERAGE 

47.3 

11.5 

STANDARD 

DEVIATION 

1.4 

0.1 

TABLE  B30 

COMPRESSION  RESULTS  FOR  PECHXNEY 
2091-T8X  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(RSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

NORTHROP 

RT 

L  TRANS 

53.0 

11.5 

52.7 

11  5 

53.0 

11.3 

GRUMMAN 

RT 

L  TRANS 

51.3 

11.2 

51.3 

11.4 

52.3 

11.7 

GENERAL 

RT 

L  TRANS 

53.1 

DYNAMICS, 

53.7 

TEXAS 

AVERAGE 

52.5 

11.4 

STANDARD 

DEVIATION 

0.9 

0.2 
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TABUS  B31 


COMPRESS ION  RESULTS  FOR  PECHINEY 
2091-T8X  SHEET  (0.063"  X  79”  X  39") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI ) 

COMPRESSIVE 

MODULUS 

(MSI) 

GRUMMAN 

RT 

45 

44.6 

11.4 

45.5 

11.3 

45.2 

11.4 

AVERAGE 

45.1 

11.4 

STANDARD 

DEVIATION 

0.5 

0.1 
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TABU  B32 


SLOTTED  SHBAR  RESULTS  TOR  PSCHXMBY 
2091-T8X  SHEET  (0.063*  X  79*  X  39*) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


NORTHROP  LONG  39.4 

35. 5 

39.6 

GRUMMAN  LONG  38.2 

40.0 

39.1 

GENERAL  LONG  40.9 

DYNAMICS ,  42.0 

TEXAS 

AVERAGE  39.3 

STANDARD  DEVIATION  1.9 


TABU  B33 

SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  SHEET  (0.063*  X  79*  X  39*) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


NORTHROP  L  TRANS  41.8 

41.9 

41.9 

GRUMMAN  L  TRANS  41.1 

41.7 

40.7 

GENERAL  L  TRANS  38.4 

DYNAMICS, 

TEXAS 

AVERAGE  41.1 

STANDARD  DEVIATION  1.3 
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TABU  B34 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 
DYNAMICS , 
TEXAS 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 

DYNAMICS, 

TEXAS 


BEARING  RSSULTS  FOR  PBCHIMEY 
2091-T8X  SHEET  <0.063*  X  79"  X  39") 


ORIENTATION  «/D  BEARING  BEARING 


ULT.  STR. 
(KSI) 

YIELD  STR. 

(KSI) 

LONG  1.5 

94.9 

67.6 

94.9 

68.3 

94.9 

67.2 

LONG  1.5 

91.7 

65.5 

91.7 

65.4 

91.7 

66.2 

LONG  1.5 

88.6 

75.6 

93.8 

78.2 

AVERAGE 

92.8 

69.3 

STANDARD  DEVIATION 

2.3 

4.9 

TABU  B35 

BEARING  RESULTS  FOR  PECHINEY 
2091-T8X  SHEET  (0.063*  X  79"  X  39") 


ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS 

1.5 

96.3 

67.6 

96.3 

67.1 

96.2 

68.0 

L  TRANS 

1.5 

91.9 

65.0 

92.4 

66.7 

93.1 

66.5 

L  TRANS 

1.5 

92.9 

78.8 

92.3 

78.5 

AVERAGE 

93.9 

69.8 

STANDARD 

DEVIATION 

2.0 

5.5 

TABLE  B36 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 

DYNAMICS, 

TEXAS 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 

DYNAMICS, 

TEXAS 


BEARING  RESULTS  POR  PSCHXNEY 
2091-T8X  SHEET  (0.063*  X  79"  X  39") 

ORIENTATION  «/D  BEARING  BEARING 


ULT.  STR. 
(ESI) 

YIELD  STR. 
(ESI) 

LONG  2.0 

117.2 

80.0 

118.6 

79.8 

117.1 

81.5 

LONG  2.0 

116.4 

79.2 

116.4 

78.7 

116.4 

78.6 

LONG  2 . 0 

106.0 

88.1 

117.0 

92.2 

AVERAGE 

115.6 

82.3 

STANDARD  DEVIATION 

4.0 

H 

• 

in 

TABLE  B37 

BEARING  RESULTS  FOR  PECHINEY 
2091-T8X  SHEET  (0.063”  X  79"  X  39") 


ORZENTATION  «/D 

BEARING 
ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(ESI) 

L  TRANS  2.0 

120.4 

81.6 

120.1 

84.0 

118.6 

82.0 

L  TRANS  2.0 

121.8 

83.2 

120.0 

81.8 

117.6 

80.8 

L  TRANS  2.0 

114.0 

95.8 

105.0 

93.6 

AVERAGE 

117.2 

85.4 

STANDARD  DEVIATION 

5.5 

5.9 

102 


ksiN/  in 


R-CURVES  FOR  2091 -T8X 


:ir-7-~.  t-l  ORIENTATION 


CRACK-LINE-WEDGE-LOADED 
.W=5,  T=  .065 


.  1 7 

:  ;  !  •' r {r-L _f:  EFFECTIVE  CRACK '  EXTENSION ,  TN,  . 

L  I 

::  - 

:.* 

- 
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2091-T8X  0.063"  Sliee 


TABLE  B38 

General  Dynamics,  Texas 

Fechiney  2091-T81  Sheet 
(0.063"  X  79"  X  39") 
Average  Results  of  R-Curve  Tests 

KR25’ksi'in  ** 

L-T  91.2 

T-L  81.4 
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da/dN  ( l n /CYCLE) 


4K  (MP«-m,/2) 


Figure  B18  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091-T3X 
0.063"  Sheet  (L-T  Orientation) .  Gronnan. 
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da/dN  (mm/CYCLE) 


da/dN  (mm/CYCLE) 


2091-T8X 

a  86-1 3 1  -63-45 1  ir-o.  o > 


•  86-131-63-i52‘R«o.5J 


9  A 

J 


R  =  0.00 
75°F  (24°  C) 
10  Hz 
90%  RH 
45  degrees 


da/dN  (in/CYCLE) 


da/dN  I mm/CYCLE ) 


5TRE55  INTEN5ITY  RRNSE/  DEL-K 

Materia!:  2091^'f5QR~  1 N 

Age:  335°F  -  32  hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  L-T 

Stress  Ratio:  0.1 

Frequency:  5  Hz 


Figure  B23  K- increasing  Constant  Amplitude  Fatigue  Crack  Growth  Rate  Data  for 

Pechiney  2091-T8X  0.063"  Sheet  (LrT  Orientation).  General  Dynamics,  TX. 
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3  h  s  e  7  e  s 


i 
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V  S  E  7  5  5 

12 


1C  1C 

5TRE55  INTENSITY  RRNEE/  DEL-K 
Material:  209*1  ^"l^tfeel N 

Age:  335°F  -  32  hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  T-L 

Stress  Ratio:  0.1 

Frequency:  5  Hz 

Figure  B24  K-incr easing  Constant  Amplitude  Fatigue  Crack  Grwth  Rate  Data  for 
Pechiney  2091-T8X  0.063"  Sheet  (T-L).  General  Dynamics,  TX. 


APPENDIX  C 


PECHINEY 

2091-T6  PRECISION  FORGING 


INTRODUCTION 

The  Pechiney  2091-T6  precision  forgings  were  received  the  third  quarter  of  1986.  Five 
participants  tested  this  material;  Boeing  Commercial  Airplane  Company,  General  Dynamics  Fort 
Worth  Division,  Lockheed  Aeronautical  Systems  Company,  Martin  Marietta  Manned  Space 
Systems  and  Northrop  Corporation.  Forging  Dimensions  are  shown  in  Figure  Cl. 


TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc.)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to  ASTM  E647 
Standard.  The  growth  rate  a-N  data  that  was  generated  by  the  participant,  Northrop  Corporation, 
was  reduced  using  a  seven-point  incremental  polynomial  (parabola)  to  sets  of  seven  successive 
data  points.  The  data  are  also  checked  against  size  requirements  per  ASTM  E647,  Section  7.2. 
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TABLE  Cl 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
PECHINET  2001 -TO  F0RQ1N0S 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD 

TEMP  ATI ON  STRENGTH  STRENGTH 

(DEGREES  F)  (XSI)  (XSI) 

ELONG 

(X) 

RA  MODULUS 
(X)  (MSI) 

COMMEK 

BOEING 

RT 

LONG 

73.0 

05 

.3 

4. 

0 

77.0 

00 

.5 

5. 

0 

82.2 

72 

.3 

8. 

0 

NORTHROP 

RT 

LONG 

81.3 

00 

.4 

10. 

0 

0. 

.0 

11 

.2 

(1) . (2) 

82.8 

72 

.  1 

0. 

0 

7. 

.5 

11 

.4 

(2) 

63. 1 

73 

.0 

8. 

0 

6. 

4 

11 

.4 

(2) 

85.0 

76 

.7 

8. 

0 

7 , 

.5 

11 

.  1 

(2) 

80.2 

60 

.8 

6. 

0 

7. 

.  1 

11 

.5 

(2) 

85.0 

75 

.5 

8. 

0 

7. 

4 

11 

.3 

(2) 

81.7 

72 

.  7 

5. 

0 

4  . 

,  5 

1 1 

.2 

(3) 

81.6 

71 

.8 

7. 

0 

5. 

.7 

11 

.3 

(3) 

67. 1 

58 

.4 

3. 

0 

2. 

.0 

11 

.  2 

(4) 

68. 0 

56 

.6 

4. 

0 

3. 

3 

11 

.2 

(4) 

GENERAL 

F.T 

LONG 

84 . 4 

73 

.5 

6. 

7 

DYNAMICS . 

64.0 

73 

.0 

6. 

8 

TEXAS 

LOCKHEED . 

RT 

LONG 

83.0 

72 

.7 

0. 

0 

12 

.6 

GEORGIA 

60.1 

6e 

.4 

8. 

0 

12 

80.0 

68 

.0 

0. 

0 

11 

.5 

83.0 

72 

.  4 

8. 

0 

1  1 

.  1 

83.7 

72 

.7 

0. 

0 

1 1 

.8 

MARTIN 

RT 

LONG 

74.6 

66 

.4 

2. 

0 

6. 

0 

?  1 

.4 

MARIETTA. 

81.3 

68 

.7 

5. 

0 

10. 

0 

11 

.8 

LOUISIANA 

77.0 

63 

.  2 

5. 

0 

10. 

0 

11 

.e 

AVERAGE 

80.2 

60.7 

6.8 

6.6 

11.5 

STANDARD  DEVIATION 

5.0 

5.0 

2.2 

2.4 

0.5 

(1) :  INDICATES  THAT  THE  SPECIMEN  FAILED  OUTSIDE  THE  GAGE  MARKS 

(2) :  SPECIMEN  REMOVED  FROM  THE  FORGING  BASE 

(3)  :  SPECIMEN  REMOVED  FROM  THE  FORGING  SIDE  WALL 

(4) :  SPECIMEN  REMOVED  FROM  THE  FORGING  END  WALL 
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TABLE  C2 


TIMS I LI  BESULTS  AT  X/2  LOCATION  FOB 
PECHXMSY  3001 -TO  POBOXMOS 


COMPANY  TIST  OBXKNT-  ULTIMATE  YIELD  ELONO  BA  MODULUS 
TEMP  ATXON  STBENOTB  8TBEM0TH  (E)  (*>  (MIX) 


(DEQBEES  F) 

tKSX) 

(HEX) 

MOBTHBOP  BT  L  TEAMS 

60.4 

11.2 

76.0 

70.0 

5.0 

11.4 

63. S 

11.3 

78.0 

6S.3 

3.0 

11.2 

60.6 

1.0 

11.3 

71.5 

66.0 

2.0 

10.6 

60.2 

63.2 

2.0 

11.3 

06.1 

66. 7 

2.0 

11.1 

AVIBAOE 

68.0 

65.4 

2.5 

11.2 

STANDARD  DEVIATION 

8.0 

4.7 

1.4 

0.2 

(1)  : 

INDICATES  THAT  THE  SPECIMEN  PAXLED  OUTSIDE  THE  OAOE 

MABX8 

(2)  : 

SPECIMEN  BEMOVED  PBOM 

THE 

▼OROXNO  BASE 

(3)  : 

SPECIMEN  BEMOVED  PBOM 

TBE 

POBOXMO  SIDE  l 

NALL 

(4)  : 

SPECIMEN  BEMOVED  PBOM 

THE 

POBOXMO  END  MALL 

COMMENT 


(1) . (3) 
(2) 

(1) . (2) 
(1) . (2) 
(1) . (2) 
(1) . (2) 
(4) 
(4) 
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TABLE  C3 


COMPANY 


LOCKHEED 

GEORGIA 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
PECHINEY  2001 -TO  FORGINGS 


TEST  ORIENT-  ULTIMATE  YIELD  ELONO 
TEMP  AT I ON  STRENGTH  STRENGTH  (X) 
(DEGREES  F)  (KSI)  (XSI) 


RT  8  TRANS 


AVERAGE 
STANDARD  DEVIATION 


08.7 

0.0 

72.2 

0.0 

00.0 

0.0 

70.0 

0.0 

72.1 

0.0 

70. 1 

0.0 

2.4 

o 

o 

RA  MODULUS  COMMENT 
(X)  (MSI) 
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TABUS  C4 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
PECH1NEY  3001 -TO  FOROINOS 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(XSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

BOEING 

RT 

LONG 

06.6 

72.4 

70.4 

NORTHROP 

RT 

LONG 

67.3 

11.7 

73.8 

11.6 

75.4 

11.6 

LOCKHEED . 

RT 

LONG 

67.0 

GEORGIA 

62 . 0 

64.7 

62.7 

65.6 

GENERAL 

RT 

LONG 

57.7 

DYNAMICS. 

TEXAS 

MARTIN 

RT 

LONG 

73.4 

12.2 

MARIETTA. 

64.3 

12  .  1 

LOUISIANA 

AVERAGE 

67.5 

i: .® 

st  an: 

DARD  DEVIATION 

5.1 

0.3 

NOTE : 


NORTHROP  SPECIMENS  TAKEN  FROM  FORGING  SIDE  WALL. 
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TABLE  CS 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
PECHINEY  2001-T6  FORQINOS 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

MARTIN 

MARIETTA. 

LOUISIANA 

RT 

L  TRANS 

61.7 

60.2 

12.0 

12.0 

AVERAGE 

61.0 

12.0 

STANDARD  DEVIATION 

1  .  1 

0.0 
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TABLE  C6 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
PECHXNEY  2091-T6  FOROXMOS 

COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 

NORTHROP  L-S  3B.0 

39.  S 
36.9 

LOCKHEED.  L-S  36.7 

GEORGIA  40 • 4 

39.6 

AVERAGE  39 . 3 

STANDARD  DEVIATION  0.7 


NOTt:  NORTHROP  SPECIMENS  TAKEN  FROM  FORGING  SIDE  WALL. 
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TABLE  C7 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
PECHINEY  2061 -TO  FORQIMOS 

COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 

NORTHROP  T-S  38.0 

37.1 

35.8 

LOCKHEED.  T-S  30.0 

GEORGIA  42.4 

38.3 

AVERAGE  38 . 4 

STANDARD  DEVIATION  2.2 

NOTE:  NORTHROP  SPECIMENS  TAKEN  FROM  FORGING  ?-  WALL. 
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TABLE  C8 


COMPANY 


BOEING 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2001-T6  FORGINGS 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


LONG  43  •  3 

44.0 
43.  1 

AVERAGE  43.6 

STANDARD  DEVIATION  1-0 
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TABLE  C9 


BEARING  RESULTS  FOR  PECHINEY 
2091 -TO  FORGINGS 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

LONG 

1.5 

73.0 

65.6 

82.7 

65.9 

65.5 

72.3 

NORTHROP 

LONG 

1.5 

103.8 

87.7 

95.0 

81 .8 

99.8 

62.2 

LOCKHEED . 

LONG 

1.5 

95.3 

84.7 

GEORGIA 

99.0 

85.7 

102.2 

86.3 

AVERAGE 

93.0 

79. 1 

STANDARD 

DEVIATION 

10.1 

8.8 

NOTE:  NORTHROP  SPECIMENS  REMOVED  FROM  FORGING  SIDE  WALL. 
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TABLE  CIO 


BEARING  RESULTS  FOR  PECHINEY 
2091 -TO  FORGINGS 


COMPANY 

ORIENTATION 

m/D 

BEARING 

ULT.  STR. 
(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

LONG 

2.0 

142.3 

144.9 

142.0 

105.3 

112.9 

105.7 

NORTHROP 

LONG 

2.0 

134. B 
139.0 
130.4 

104.3 
105. 1 
105.0 

GENERAL 

DYNAMICS . 

TEXAS 

LONG 

2.0 

129.0 

110.0 

LOCKHEED . 
GEORGIA 

LONG 

2.0 

129.2 
12B.  1 
132. B 

10B.B 

105. 1 

109.2 

AVERAGE 

135.9 

107.7 

STANDARD 

DEVIATION 

0.1 

4.0 

NOTE :  NORTHROP 

SPECIMENS  REMOVED 

FROM  FORGING 

SIDE  WALL. 

124 


TABLE  Cll 


BEARING  RESULTS  POE  PECHINEY 
2001 -TO  FORGINGS 


COMPANY 

ORIENTATION 

«/D 

BEARING 

BEARING 

BLT.  8TR. 

YIELD  STR. 

(KSI) 

(KSI) 

GENERAL 

DYNAMICS. 

TEXAS 

L  TRANS 

2.0 

126.0 

87.2 

AVERAGE  126.0  67.2 

STANDARD  DEVIATION 
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TABLE  Cl  2 


FRACTURE  TOUGHNESS  RESULTS  FOR 
PECHINEY  2091-T6  FORGINGS 


COMPANY  ORIENTATION  XIC  Kq  COMMENT 

(KS1  IN‘0.5)  (KSI  IN'0.5) 


NORTHROP 

L-T 

29.1 

(1) . (3) . (4) 

22.2 

(2)  .  (3)  .  (4) 

MARTIN 

L-T 

25. e 

(4)  .  (5) 

MARIETTA. 

27.6 

(4) . (3) 

LOUISIANA 

AVERAGE 

26.2 

STANDARD  DEVIATION  3.0 


(1)  : 

W*1 .0 

(2)  : 

W=  0 . 8 

(3)  : 

SPECIMEN 

REMOVED  FROM  FORGING  BASE 

(4)  : 

INVALID 

(5)  : 

VIOLATES 

SPECIMEN  THICKNESS  REQUIREMENTS 
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TABLE  Cl  3 


FRACTURE  TOUGHNESS  RESULTS  FOR 
FECHINEY  2001 -T6  FORCINGS 


COMPANY  ORIENTATION  NIC  Xq  COMMENT 

(KSI  IN‘0.5)  (XS1  IN*0 . 5) 


NORTHROP 

T-L 

24.1 

(1) . (3)  .  (4) 

27.4 

(2) . (3)  .  (4) 

GENERAL 

T-L 

25.0 

(5) 

DYNAMICS . 
TEXAS 

20.4 

(5) 

MARTIN 

T-L 

22.0 

(4) . (7) 

MARIETTA, 

LOUISIANA 

25.3 

(4) . (7) 

AVERAGE 

24.2 

STANDARD  DEVIATION 

2.6 

U  )  :  W *1.0 

(2) :  W*0.8 

(3)  :  SPECIMEN  REMOVED  FROM  FORGING  BASE 

(45:  INVALID 

(5) :  INVALID  DUE  TO  -  INSUFFICIENT  THICKNESS.  Pmax/Pq  >  1.10, 

AND  MINIMUM  SURFACE  CRACK  LENGTH  <  00% 

(6) :  INVALID  DUE  TO  -  Pmax/Pq  >  1.10,  MINIMUM  SURFACE  CRACK  LENGTH 

<  00%.  AND  CRACK  CURVATURE  >  5% 

(7)  ;  VIOLATE-  SPECIMEN  THICKNESS  REQUIREMENTS 
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da/dN  (in/CYCLE) 


/dN  (mm/CYCLE) 


29 


/dN  (mm/CYCLE) 


APPENDIX  D 


PECHINEY 

8090-T651 T-EXTRUSION 


INTRODUCTION 

The  Pechiney  8090-T651  T-Extrusions  were  received  the  fourth  quarter  of  1986. 
Dimensions  of  the  T-Extrusion  are  0.19"  x  2.5"  x  3.0”  x  79".  Four  participants  tested  this 
material;  Boeing  Commercial  Airplane  Company  WA,  General  Dynamics  Fort  Worth  Division, 
LTV  Aircraft  Products  Group  TX,  and  the  Navy  (Naval  Air  Development  Center). 

TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc.)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 
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TABLE  D1 


TENSILE  RESULTS  FOR  PECHINEY 
8090-T651  T-EXTRUS ION  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

BOEING 

RT 

LONG 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

LONG 

NADC 

RT 

LONG 

LTV 

RT 

LONG 

AVERAGE 
STANDARD  DEVIATION 


ULTIMATE 

STRENGTH 

(MSI) 

YIELD 

STRENGTH 

(ESI) 

ELOMG 

<%> 

77.4 

66.9 

8.0 

77.5 

67.0 

8.0 

77.4 

67.0 

8.0 

81.0 

71.5 

5.9 

77.1 

68.3 

2.9 

80.3 

70.5 

5.7 

80.7 

70.9 

4.9 

76.0 

66.9 

3.0 

81.2 

72.4 

3.0 

80.7 

71.3 

3.0 

82.2 

72.4 

3.0 

78.5 

68.9 

6.1 

77.4 

68.5 

7.2 

78.5 

69.2 

6.9 

79.0 

69.4 

5.4 

2.0 

2.1 

2.1 

RA 

<%> 


TABLE  D2 

TENSILE  RESULTS  FOR  PECHINBY 
8090-T651  T— EXTRU S I ON  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(*) 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

L  TRANS 

78.4 

78.2 

69.5 

69.6 

4.4 

4.5 

AVERAGE 

78.3 

69.6 

4.5 

STANDARD  DEVIATION 

0.1 

0.1 

0.1 
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E 

(MSI) 


10.4 

11.5 

10.0 

9.5 

11.6 
11.6 
11.6 


10.9 

0.9 


E 

(MSI) 


TAB LB  D3 


COMPANY 


BOEING 


COMPRESSION  RESULTS  FOR  PECHINEY 
8090-T651  T-EXTRUS I ON  (0.19-  X  2.5"  X  3"  X  79") 


TEST  ORIENTATION 

TEMPERATURE 
(DEGREES  P) 


RT  LONG 


COMPRESSIVE  COMPRESSIVE 
YIELD  STRENGTH  MODULUS 
(KSI)  (MSI) 


68.0 

67.1 

67.7 


AVERAGE  67.6 


STANDARD  DEVIATION 


0.5 


132 


TABLE  D4 


SLOTTED  SHEAR  RESULTS  FOR  PECHINXY 
8090-T6S1  T-EXTRUSION  (0.19-  X  2.5"  X  3"  X  79") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


BOEING  LONG  42. 5 

42.5 

42.5 

AVERAGE  42 . 5 

STANDARD  DEVIATION  0.0 


TABLE  D5 

SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
8090-T651  T-EXTRUSION  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 

GENERAL  L  TRANS  41.7 

DYNAMICS,  41.2 

TEXAS 

AVERAGE  41.5 

STANDARD  DEVIATION  0.4 
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TABLE  06 


XOSXPESCU  SHEAR  RESULTS  TOR  PECHXNEY 
8090-T6S1  T-BXTRUSION  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(RSI) 

LTV  LONG  41.4 

40.6 

42.5 

AVERAGE  41.5 

STANDARD  DEVIATION  1 . 0 


TABLE  D7 

XOSXPESCU  SHEAR  RESULTS  POR  PECHXNEY 
8090-T651  T-EXTRUS ION  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


LTV  L  TRANS  39.5 

40.4 

39.3 

AVERAGE  39 . 7 

STANDARD  DEVIATION  0.6 


134 


TAB LX  08 


BEARING  RESULTS  FOR  PECHINEY 
8090-T651  T-EXTRUSION  (0.19"  X  2.5  X  3"  X  79") 


COMPANY 

ORIENTATION  «/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

LONG  1 . 5 

103.4 

90.2 

106.5 

94.6 

107.6 

95.5 

GENERAL 

LONG  1.5 

106.0 

94.3 

DYNAMICS, 

104.0 

91.2 

TEXAS 

LTV 

LONG  1 . 5 

105.5 

97.4 

107.0 

96.2 

106.2 

93.3 

AVERAGE 

105.8 

94.1 

STANDARD  DEVIATION 

1.4 

2.4 

(*):  INDICATES  SHEAR  TEAR  OUT  FAILURE 


\ 
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TABLE  09 


BEARING  RESULTS  FOR  PECHINBY 
8090-T651  T -EXTRUSION  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(ESI) 

BOEING 

LONG  2 . 0 

131.8 

105.1 

138.6 

113.1 

135.2 

111.4 

GENERAL 

LONG  2.0 

116.0 

106.0 

DYNAMICS, 

135.0 

107.0 

TEXAS 

LTV 

LONG  2 . 0 

135.6 

116.4 

136.0 

133.6 

111.2 

AVERAGE 

132.7 

110.0 

STANDARD  DEVIATION 

7.0 

4.1 

(*):  INDICATES  SHEAR-TENSION  FAILURE 
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TABLE  010 


FATIGUE  RESULTS  WITH  R-0.1  AND  Kt->2.8  FOR 
PECHINEY  8090-T651  T-EXTRUSION  (0.19"  X  2.5"  X  3"  X  79") 


COMPANY  ORIENTATION  STRESS  CYCLES 

(KSI ) 


LTV 


LONG 


22.0 

54,800 

22.0 

58,700 

21.2 

83,700 

19.6 

213,900 

19.5 

78,800 

19.5 

176,700 

17.3 

219,100 

16.5 

212,300 

16.0 

300,200 

15.0 

341,600 

14.9 

1,000,000  * 

(*):  INDICATES  A  RUN-OUT  TEST 
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1.0E+06  1.0E+07  1.0E+08 


APPENDIX  E 


ALCAN  8090-T651  AND  8090-T8  EXTRUSION 
(1.0"  X  4.0") 


INTRODUCTION 

The  Alcan  8090-T651  1-inch  x  4-inch  extrusions  were  received  the  first  quarter  of  1986. 
One  participant  heat  treated  the  8090-T651  to  a  T8  temper.  Grumman-T8  condition  was 
achieved  by  heating  the  material  to  238°F  for  24  hours.  The  other  participants  tested  the  material 
in  the  as-received  condition  (-T651). 

TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc.)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to  ASTM  E647 
standard.  The  growth  rate  a-N  data  that  were  generated  by  the  participants  (Northrop,  Grumman, 
and  Air  Force)  were  reduced  using  a  seven-point  incremental  polynomial  method.  This  involves 
fitting  a  second-order  polynomial  (parabola)  to  sets  of  seven  successive  data  points.  The  data  are 
also  checked  against  size  requirements  per  ASTM  E647,  Section  7.2.  NASA-Langley  performed 
constant  amplitude  fatigue  crack  growth  tests  using  K-increasing  (load  increasing)  and  K- 
decreasing  (load  decreasing)  methods. 

Spectrum  tests  were  performed  by  the  Air  Force  using  FALSTAFF  (  a  severe  fatigue 
environment)  and  Mini-TWIST  (a  moderately  intense  fatigue  environment)  spectrums. 


139 


TABLE  11 


TENSILE  RESULTS  AT  t/2  LOCATION  TOR  ALCAN 
8090-T651  EXTRUSION  (1"  X  4") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

BLONG 

<%> 

RA 

(*) 

E 

(MSI) 

AIR  FORCE 

RT 

LONG 

72.7 

62.9 

5.3 

13.0 

76.1 

64.2 

5.3 

6.0 

77.0 

65.2 

6.1 

9.9 

76.6 

65.2 

5.3 

9.9 

74.2 

62.2 

5.7 

8.5 

76.8 

64.9 

5.6 

7.0 

MARTIN 

RT 

LONG 

81.0 

76.8 

4.9 

11.3 

MARIETTA 

73.1 

63.5 

6.2 

11.3 

81.1 

77.2 

7.9 

11.2 

NORTHROP 

RT 

LONG 

73.7 

65.6 

4.0 

19.6 

11.8 

76.4 

68.5 

6.0 

20.8 

11.6 

79.9 

76.5 

4.0 

19.4 

11.7 

76.6 

71.1 

7.0 

12.0 

73.1 

64.8 

7.0 

12.5 

73.9 

65.5 

7.0 

12.5 

NASA 

RT 

LONG 

77.1 

67.9 

5.0 

11.4 

LANGLEY 

75.8 

66.6 

10.0 

11.3 

76.4 

67.5 

9.0 

11.4 

77.0 

68.0 

7.5 

11.4 

AVERAGE 

76.2 

67.6 

6.3 

12.7 

11.6 

STANDARD  DEVIATION 

2.5 

4.6 

1.6 

5.8 

0.4 
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TABLE  B2 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  x  4") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(*) 

E 

(MSI) 

MARTIN 

-423 

LONG 

103.9 

22.0 

13.1 

MARIETTA 

102.9 

52.7 

8.0 

12.9 

99.8 

62.0 

16.0 

12.3 

123.6 

14.0 

14.4 

107.0 

71.3 

20.0 

13.4 

-320 

LONG 

89.4 

64.4 

12.0 

14.9 

89.4 

68.6 

11.0 

13.5 

89.1 

64.5 

13.5 

+200 

LONG 

68.3 

65.6 

16.0 

11.0 

69.6 

63.9 

14.0 

11.2 

69.3 

66.0 

18.0 

12.4 

+350 

LONG 

55.3 

55.2 

36.0 

10.5 

55.6 

55.5 

26.0 

10.5 

55.7 

55.6 

30.0 

10.7 
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TAB LX  13 


TINS I LX  RESULTS  AT  t/2  LOCATION  FOR  ALCAN 
8090-T651  KXTRUSXON  (1-  x  4") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

r> 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%) 

RA 

<»> 

E 

(MSI) 

AIR  FORCK 

RT 

L  TRANS 

67.4 

54.7 

7.8 

16.0 

68.2 

54.0 

0.0 

15.9 

69.6 

55.0 

8.6 

21.8 

NORTHROP 

RT 

L  TRANS 

68.6 

58.4 

7.0 

19.6 

11.8 

68.3 

58.1 

7.0 

20.8 

11.6 

68.2 

58.0 

7.0 

19.4 

11.7 

68.0 

58.0 

8.0 

12.3 

67.8 

57.2 

8.0 

12.5 

68.2 

58.2 

9.0 

12.2 

MARTIN 

RT 

L  TRANS 

67.9 

56.1 

8.0 

11.1 

MARIETTA 

68.2 

56.8 

9.5 

11.1 

68.5 

56.5 

9.5 

11.5 

NASA 

RT 

L  TRANS 

70.5 

57.8 

10.0 

11.4 

LANGLEY 

70.1 

57.7 

11.0 

11.4 

70.8 

58.3 

10.0 

11.4 

70.7 

57.8 

10.0 

11.4 

AVERAGE 

68.8 

57.0 

8.2 

18.9 

11.6 

STANDARD 

DEVIATION 

1.1 

1.4 

2.5 

2.5 

0.4 
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TABU  B4 


TONSILS  KBSULT8  AT  t/2'  LOCATION  FOB  ALCAN 
8090-T6S1  EXTRUSION  (1*  x  4*)  . 


COMPANY 

TOST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%) 

-RA 

<%> 

B 

(MSI) 

MARTIN 

-423 

L  TRANS 

86.9 

62.6 

8.0 

12.5 

MARIETTA 

81.8 

72.0 

12.5 

87.9 

62.5 

9.0 

13.1 

-320 

L  TRANS 

78.9 

60.6 

5.0 

13.6 

79.3 

60.2 

8.0 

13.5 

77.3 

60.1 

13.2 

+200 

L  TRANS 

63.5 

56.1 

12.3 

9.0 

63.6 

56.5 

13.3 

10.6 

63.6 

56.7 

12.5 

10.8 

+350 

L  TRANS 

50.7 

50.6 

22.0 

10.4 

51.4 

51.2 

18.0 

10.0 

58.5 

56.3 

18.0 

10.0 
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TABU  IS 


TENSILE  RESULTS  AT  t/2  LOCATION  FOB  ALCAN 
8090-T6S1  EXTRUSION  (1*  «  4") 


COMPANY 

TBST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSZ) 

YIELD 

STRENGTH 

(ESI) 

BLONG 

<%> 

RA 

<%> 

B  . 

(MSI) 

NORTHROP 

RT 

S  TRANS 

69.4 

55.9 

8.0 

7.8 

11.1 

68.0 

52.4 

4.0 

3.1 

11.3 

66.5 

51.6 

4.0 

3.1 

11.2 

AVERAGE 

68.0 

53.3 

5.3 

4.7 

11.2 

STANDARD  DEVIATION 

1.5 

2.3 

2.3 

2.7 

0.1 
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TABLE  B6 


TENSILE  RESULTS  AT  t/10  LOCATION  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  x  4") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<*> 

RA 

<*> 

B 

(MSI) 

NORTHROP 

RT 

LONG 

77.9 

69.0 

6.0 

12.0 

75.7 

66.8 

5.0 

12.2 

74.1 

65.1 

5.0 

11.9 

AVERAGE 

75.9 

67.0 

5.3 

12.0 

STANDARD  DEVIATION 

1.9 

2.0 

0.6 

0.2 

TABLE  B7 

TENSILE  RESULTS  AT  t/10  LOCATION  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  x  4") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

<%) 

E 

(MSI) 

NORTHROP 

RT 

L  TRANS 

72.4 

63.4 

9.0 

12.4 

72.2 

63.1 

9.0 

12.2 

72.3 

63.0 

9.0 

12.2 

AVERAGE 

72.3 

63.2 

9.0 

12.3 

STANDARD 

DEVIATION 

0.1 

0.2 

0.0 

0.1 
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TABLE  B6 


TIN SI LX  RESULTS  AT  t/2  LOCATION  FOR  ALCAN 


8090-T651 

EXTRUSION 

(1-  x  4")  AFTER  100 

HRS  AT 

350F 

COMPANY  TEST 

ORIENT- 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

AT  I  ON 

STRENGTH 

STRENGTH 

<%) 

(%) 

(MSI) 

(DEGREES  P) 

(ESI) 

(ESI) 

NORTHROP  RT 

LONG 

78.0 

72.1 

7.0 

14.5 

11.6 

73.6 

66.8 

7.0 

12.3 

12.5 

72.3 

65.0 

7.0 

10.9 

11.8 

AVERAGE 

74.6 

68.0 

7.0 

12.6 

12.0 

STANDARD 

DEVIATION 

3.0 

3.7 

0.0 

1.8 

0.5 

RT 

L  TRANS 

68.1 

60.4 

6.0 

13.8 

11.5 

68.2 

60.4 

6.0 

13.8 

12.3 

68.1 

60.5 

6.0 

13.8 

12.9 

AVERAGE 

68.1 

60.4 

6.0 

13.8 

12.2 

STANDARD 

DEVIATION 

0.1 

0.1 

0.0 

0.0 

0.7 

RT 

S  TRANS 

67.2 

56.9 

4.0 

6.2 

11.3 

64.8 

55.8 

2.0 

2.5 

10.8 

67.1 

55.2 

2.0 

4.7 

10.8 

AVERAGE 

66.4 

56.0 

2.7 

4.5 

11.0 

STANDARD 

DEVIATION 

1.4 

0.9 

1.2 

1.9 

0.3 
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TAB LB  B9 


COMPANY 


NORTHROP 


NOTCH  TIN SI LX  RESULTS  AT  t/2  LOCATION  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  x  4") 


TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

NTS 

(RSI) 

NTS/TYS 

RT 

LONG 

82.7 

1.2 

78.1 

1.1 

85. 0 

1.2 

AVERAGE 

81.9 

1.2 

STANDARD 

DEVIATION 

3.5 

0.1 

RT 

L  TRANS 

60.5 

1.0 

54.1 

0.9 

50.3 

0.9 

AVERAGE 

55.0 

0.9 

STANDARD 

DEVIATION 

5.2 

0.0 

TABLE  BIO 


COMPRESSION  RESULTS  FOR  ALCAN 
8090-T651  EXTRUSION  (1”  x  4") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(ESI) 

MODULUS 

(MSI) 

AIR  FORCE 

RT 

LONG 

69.1 

69.4 

69.0 

NORTHROP 

RT 

LONG 

74.6 

12.0 

71.9 

12.0 

71.8 

11.9 

NASA 

RT 

LONG 

67.4 

11.7 

LANGLEY 

66.9 

11.7 

66.9 

11.7 

AVERAGE 

69.7 

11.8 

STANDARD 

DEVIATION 

2.6 

0.2 

TABLE  Ell 

COMPRESSION  RESULTS  FOR  ALCAN 


8090-T651  EXTRUSION  (1"  x  4") 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(KSI) 

AIR  FORCE 

RT 

L  TRANS 

65.5 

64.5 

65.2 

NORTHROP 

RT 

L  TRANS 

64.9 

12.1 

65.3 

11.9 

62.5 

12.3 

NASA 

RT 

L  TRANS 

63.2 

11.8 

LANGLEY 

63.1 

11.5 

63.9 

11.8 

63.4 

11.8 

AVERAGE 

64.2 

11.9 

STANDARD  DEVIATION  1.1  0.3 
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TABLE  112 


RIVET  SHEAR  RESULTS  FOR  ALCAN 
8090-T651  EXTRUSION  (la  X  4") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


NORTHROP  L  -  S  36.9 

37.4 

37.1 

AVERAGE  37 . 1 

STANDARD  DEVIATION  0.3 


TABLE  E13 

RIVET  SHEAR  RESULTS  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  X  4") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 

NORTHROP  T  -  S  34.5 

34.6 

36.6 

AVERAGE  35.2 

STANDARD  DEVIATION  1 . 2 
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TABLE  B14 


COMPANY 


AIR  FORCE 


NASA  -  LANGLEY 


COMPANY 


AIR  FORCE 


NASA  -  LANGLEY 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
ALCAN  8090-T651  EXTRUSION  (1"  X  4") 


ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


L  -  S  36.5 

34.6 

34.7 

L  -  S  36.7 

36.7 
36.4 
37.0 


AVERAGE 


36.1 


STANDARD  DEVIATION 


1.0 


TABLE  E15 

AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
ALCAN  8090-T651  EXTRUSION  (1"  X  4”) 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


T  -  S  36.5 

36.6 

34.6 

T  -  S  35.4 

35.1 

35.0 

34.8 


AVERAGE 


35.4 


STANDARD  DEVIATION 


0.8 
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TABLE  116 


BKARING  RESULTS  TOR  ALCAN 
8090-T651  EXTRUSION  (1-  X  4") 

COMPANY  ORISNTATION  «/D  BKARING  BEARING 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

AIR  FORCE 

LONG  1.5 

94.2 

74.3 

100.6 

82.7 

100.4 

79.3 

NORTHROP 

LONG  1.5 

101.0 

84.4 

99.4 

77.7 

100.0 

81.5 

NASA 

LONG  1.5 

104.5 

86.1 

LANGLEY 

103.2 

85.5 

101.9 

82.4 

103.5 

84.3 

AVERAGE 

100.9 

81.8 

STANDARD  DEVIATION 

2.9 

3.7 

TABLE  E17 

BEARING  RESULTS  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  X  4”) 


COMPANY 

ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 

(KSI) 

AIR  FORCE 

L  TRANS 

1.5 

88.3 

79.4 

80.0 

71.8 

87.4 

78.2 

NORTHROP 

L  TRANS 

1.5 

87.7 

79.5 

88.3 

80.1 

86.3 

78.9 

AVERAGE 

86.3 

78.0 

STANDARD 

DEVIATION 

3.2 

3.1 
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TABLE  B18 


BEARING  RESULTS  FOR  ALCAN 
8090-T651  EXTRUSION  (1*  X  4") 


COMPANY 

ORIENTATION  «/D 

BEARING 
ULT.  STR. 
(RSI) 

BEARING 
YIELD  STR. 
(KSI ) 

AIR  FORCE 

LONG  2.0 

123.0 

126.0 

116.7 

87.0 

NORTHROP 

LONG  2.0 

126.0 

98.3 

125.0 

94.8 

128.0 

97.1 

NASA 

LONG  2.0 

131.4 

100.0 

LANGLEY 

131.0 

97.4 

127.0 

98.1 

132.4 

97.4 

AVERAGE 

126.7 

96.3 

STANDARD  DEVIATION 

4.6 

4.0 

TABLE  E19 

BEARING  RESULTS  FOR  ALCAN 
8090-T651  EXTRUSION  (1"  X  4") 


COMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

AIR  FORCE 

L  TRANS  2.0 

116.0 

98.0 

115.1 

90.3 

104.7 

86.6 

NORTHROP 

L  TRANS  2 . 0 

116.0 

98.3 

115.0 

98.3 

AVERAGE 

113.4 

94.3 

STANDARD  DEVIATION 

4.9 

5.5 
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TABLE  E20 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCAN  8090-T651  EXTRUSION  (1"  X  4”) 

COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  inA0.5)  (KSI  inA0.5) 


AIR  FORCE 

L  -  T 

25.2 

INVALID(l) 

25.8 

VALID 

27.8 

INVALID(1,2) 

NORTHROP 

L  -  T 

26.2 

O) 

28.3 

(3) 

28.4 

(3) 

NASA 

L  -  T 

25.3 

INVALID (1,2) 

LANGLEY 

28.1 

INVALID (1,2) 

27.4 

INVALID ( 1, 2 ) 

28.9 

INVALID (1,2) 

AVERAGE  27.2  27.1 

STANDARD  DEVIATION  1.4  1.5 


(1) t  Pmax/Pq  was  greater  than  1.10 

(2) :  The  difference  between  the  two  surface  crack  length  measurements 

exceed  10%  of  the  average  crack  length. 

(3) :  Fractured  parallel  to  load  line 
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TABLE  121 


COMPANY 


AIR  FORCE 


NORTHROP 


NASA 

LANGLEY 


(1)  s  Kmax 

(2)  :  Pmax 

(3)  :  Pmax 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCAN  8090-T651  EXTRUSION  (1"  X  4") 


ORIENTATION  KIC  Kq  COMMENT 

(KSI  in*0.5)  (ESI  in~O.S) 


T  -  L 

16.1 

VALID 

16.3 

VALID 

15.9 

VALID 

T  -  L 

1S.1 

VALID 

14.9 

VALID 

IS. 3 

VALID 

T  -  L 

5.4  INVALID (1*2) 

6.8  INVALIDf 1» 3) 

17.1  INVALID ( 1 ) 

17.9  INVALID( 1) 

AVERAGE  IS. 6  11.8 

STANDARD  DEVIATION  0.6 


>  0.6  Kq 
/  Pq  -  3.6 
/  Pq  »  2.6 
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TABLE  B22 


COMPANY 


AIR  FORCE 


STRESS  CORROSION  CRACKING  RESULTS  FOR 
ALCAN  8090-T651  EXTRUSION  (1*  X  4*) 


ORIENTATION  STRESS  APPLIED  t  OP  T-L  KIC  COMMENT 

(ESI  inA0.5)  (ESI  inA0.5) 


T-L 


12.0 

14.0 


75.0  DID  NOT  PAIL 
87.0  DID  NOT  PAIL 


NOTEt  TESTING  DISCONTINUED  AFTER  SPECIMEN  WAS  LOADED 
TO  87%  OP  T-L  KIC  AND  DID  NOT  PAIL  AFTER  2000  HRS. 


TABLE  X23 


COMPANY 


NORTHROP 


NASA  -  LANGLKY 


(*):  INDICATES 


FATIGUE  RESULTS  WITH  R-0.1  AND  Rt«1.0  FOR 
ALCAN  8090-T651  EXTRUSION  (1"  X  4") 


ORIENTATION 


LONG 


LONG 


STRESS 

(RSI) 

CYCLES 

80.0 

98 

70.0 

18,793 

60.0 

28,082 

50.0 

57,511 

45.0 

362,662 

42.5 

642,818 

40.0 

4,000,000  * 

37.5 

5,000,000  * 

60.0 

29,100 

50.0 

43,000 

45.0 

55,600 

40.0 

549,000 

38.0 

2,472,100 

36.0 

10,557,700  * 

36.0 

139,300 

36.0 

317,600 

30.0 

12,900,000  * 

RUN-OUT  TEST 
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Alcan  8090-T651  Extrusion 

(1*  X  4”) 


1.0E*03  1.0E+04  1.0E»05  1.0E*06  1.0E»07  1.0E+08 

Cycles 

Figure  EL.  Fatigue  Results  for  8090-T651  1"  x  4"  Extrusion  (R-0.1,  K  -1.0,  Longitudinal). 


TABLE  124 


FATIGUE  RESULTS  WITH  R-O.l  AMD  Kt-3.0  FOR 
ALCAN  8090-T6S1  EXTRUSION  (la  X  4") 


COMPANY 


ORIENTATION 


NORTHROP 


LONG 


NASA  -  LANGLEY  LONG 


STRESS 

(RSI) 

CYCLES 

55.0 

4,413 

50.0 

6,373 

40.0 

13,431 

35.0 

3S,620 

30.0 

115,117 

27.5 

210,968 

27.5 

150,596 

25.0 

5,000,000 

* 

35.0 

20,400 

30.0 

47,600 

25.0 

462,400 

23.0 

1,785,300 

22.0 

1,169,200 

22.0 

725,500 

22.0 

12,300,000 

* 

21.0 

10,908,100 

* 

20.0 

10,045,000 

* 

(*) :  INDICATES  RUN-OUT  TEST 

NOTE*  NASA-LANGLBY  SPECIMENS  HAD  A  Ktg-3.01  AND  A  Ktn-2.88 
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Alcan  8090-T651  Extrusion 
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1.0E+03  1.0E+04  1.0E+05  1.0E*06  1.0E*07  1.0E+08 

Cycles 

Figure  E2  .  Fatigue  Results  for  8090-T651  1"  x  4"  Extrusion  (R-0.1,  K  -3.0,  Longitudinal). 
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Figure  E7.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 

1"  x  A"  Extrusion  (L-T  Orientation).  U.S.  Air  Force. 
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da/dN  (mm/CYCLE) 


Figure  E8.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651  1"  x  4" 
Extrusion  (L-T  Extrusion).  U.S.  Air  Force. 
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Figure  E10  .  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 

1”  x  A”  Extrusion  (T-L  Orientation).  U.S.  Air  Force. 
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Figure  Ell.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 

1"  x  4"  Extrusion  (T-L  Orientation).  U.S.  Air  Force. 
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Figure  E12.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 

1"  x  A"  Extrusion  (T-L  Orientation).  U.S.  Air  Force. 
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Figure  E13.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 
1"  x  4"  Extrusion  (L-T  Orientation).  NASA-Langley. 
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FATIGUE  CRACK  GROWTH  RATES 
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Figure  E14.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 
1"  x  4”  Extrusion  (L-T  Orientation).  NASA-Langley 
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Figure  El 5.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651 
1"  x  4"  Extrusion  (T-L  Orientation).  NASA-Langley 


Figure  El  6.  Fatigue  Crack  Growth  Rate  Data  for  Alcan  8090-T651  1"  x  4" 


Extrusion  (T-L  Orientation).  NASA-Langley. 
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Figure  E18  FALSTAFF  Spectrum  Results  for  R09H-T651  Extrusion. 

Reduced  In  Terms  of  Growth  Rate  end  Maximum  Spectrum 
Stress  Intensity. 
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CRACK  LENGTH.  2a  (INCHES)  ^  CRACK  LENGTH.  2o  (II 


2.000 
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SPEC.  1.0.  •  SP-3 
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0 


1000  2000 
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Figure  E20Crack  Length  Versus  Flights  for  8090- T651  Extrusion  Under 
Mlnl-TWIST  Loading,  Mixr8tress>17  KSI. 
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CRACK  LENGTH.  2a  (I 


TABLE  E2S 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  ALCAN 
8090-T8  ( 338F  FOR  24  HRS]  EXTRUSION  (1"  x  4") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%> 

RA 

(%) 

E 

(MSI) 

GRUMMAN 

RT 

LONG 

80.9 

78.0 

3.5 

4.8 

12.3 

80.1 

77.5 

4.0 

5.9 

11.6 

80.9 

76.8 

4.0 

7.5 

11.2 

AVERAGE 

80.6 

77.4 

3.8 

6.1 

11.7 

STANDARD 

DEVIATION 

0.5 

0.6 

0.3 

1.4 

0.6 

GRUMMAN 

RT 

45 

67.9 

67.6 

67.1 

57.3 

57.6 

56.2 

10.0 

10.0 

10.0 

32.8 

30.4 

31.2 

10.1 

11.4 

11.2 

AVERAGE 

67.5 

57.0 

10.0 

31.5 

10.9 

STANDARD 

DEVIATION 

0.4 

0.7 

0.0 

1.2 

0.7 

GRUMMAN  RT  L  TRANS 

AVERAGE 
STANDARD  DEVIATION 


71.9 

64.0 

7.5 

13.4 

11.8 

70.8 

62.7 

7.0 

18.9 

11.3 

70.5 

61.6 

7.0 

19.4 

11.1 

71.1 

62.8 

7.2 

17.2 

11.4 

0.7 

1.2 

0.3 

3.3 

0.4 
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TABU  B26 


COMPRESSION  RESULTS  FOR  ALCAN 


8090-T8  [338F  FOR  24  HRS) 

EXTRUSION  (1-  x  4 

") 

COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(MSI) 

GRUMMAN 

RT 

LONG 

78.4 

12.1 

77.7 

12.1 

68.6 

12.0 

AVERAGE 

74.9 

12.1 

STANDARD  DEVIATION 

5.5 

0.1 

GRUMMAN 

RT 

45 

60.3 

11.8 

60.3 

11.8 

60.1 

11.7 

AVERAGE  60.2  11.8 

STANDARD  DEVIATION  0.1  0.1 


GRUMMAN 

RT 

L  TRANS 

67.9 

11.9 

67.4 

12.1 

67.4 

12.1 

AVERAGE  67.6  12.0 

STANDARD  DEVIATION  0.3  0.1 
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TABLE  B27 


FRACTURE  TOUGHNESS  RESULTS  FOR  ALCAN 
8090-T8  (338F  FOR  34  HRS]  EXTRUSION  (1"  *  4”) 


COMPANY 

ORIENTATION 

KIC 

(ESI  in~0.5) 

Kq 

(ESI  in*0.5) 

COMMENT 

GRUMMAN 

L  -  T 

33.3 

27.6 

INVALIDED,  (2) 
INVALID ( 2 ) * ( 3 ) 

AVERAGE 

30.5 

STANDARD  DEVIATION 

4.0 

GRUMMAN 

T  -  L 

14.6 

VALID 

AVERAGE 

14.6 

STANDARD  DEVIATION 

0.0 

(1)  1.08  greater  than  B 

(2)  Angle  of  fracture  greater  than  5  degrees 

(3)  Pmax/Pq  greater  than  1.10 
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APPENDIX  F 


8090-T8771  1.75  INCH  THICK  PLATE 


INTRODUCTION 

The  Alcan  aluminum-lithium  alloy  8090-T8771  1.75  inch  plates  were  received  May 
1991.  The  8090  was  tested  in  the  as  received  condition  by  Martin  Marietta  and  the  Air  Force. 


TESTING 

Mechanical  properties  (tension,  compression,  bearing  shear  and  fracture  toughness), 
fatigue  and  constant  amplitude  fatigue  crack  growth  tests  were  performed  according  to  ASTM 
standards,  unless  otherwise  specified.  Spectrum  fatigue  crack  growth  tests  were  performed  by 
the  Air  Force  using  FALSTAFF  ( a  severe  fatigue  environment)  and  Mini-TWIST  (a  moderately 
intense  fatigue  environment)  spectrums. 


TABU  PI 


TBMSXU  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PUTS  (1.75*  THICK) 


COMPANY 

TEST 

TEMP 

(DEGRESS  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%) 

RA 

(*) 

MARTIN 

RT 

LONG 

79.1 

71.0 

5.0 

3.9 

MARIETTA 

79.1 

71.2 

5.0 

9.6 

79.3 

5.0 

3.5 

AIR  FORCE 

RT 

LONG 

76.7 

65.7 

8.1 

9.2 

80.2 

72.6 

5.5 

5.2 

76.7 

66.0 

7.9 

11.6 

AVERAGE 

78.5 

69.3 

6.1 

7.2 

STANDARD  DEVIATION 

1.5 

3.2 

1.5 

3.4 

TABU  P2 

TENS I U  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090— T8771  PLATE  (1.75”  THICK) 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

(») 

RA 

(%) 

AIR  FORCE 

RT 

45 

72.3 

54.7 

11.5 

17.6 

72.4 

58.0 

8.9 

14.5 

72.5 

55.5 

9.8 

15.4 

AVERAGE 

72.4 

56.1 

10.0 

15.8 

STANDARD 

i  DEVIATION 

0.1 

1.7 

1.3 

1.6 

E 

(MSI) 


S 

(MSI) 
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TABLE  F3 


TINS  ILK  RESULTS  AT  t/2  LOCATION  FON 
ALCAN  8090-T8771  FLAT!  (1.75*  THICK) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(MI) 

YIELD 

STRENGTH 

(MX) 

8LONG 

(*) 

RA 

(*) 

E 

(MSI) 

MARTIN 

RT 

L  TRANS 

78.2 

66.9 

6.0 

8.1 

MARIETTA 

78.1 

66.8 

6.0 

8.9 

78.5 

67.1 

6.0 

8.5 

AIR  FORCE 

RT 

L  TRANS 

73.3 

56.9 

10.4 

10.3 

79.5 

68.4 

6.5 

9.7 

73.8 

57.3 

10.5 

11.2 

AVERAGE 

76.9 

63.9 

7.6 

9.4 

STANDARD  DEVIATION 

2.7 

5.3 

2.2 

1.2 

TABU  F4 

TINS ILK  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PLATE  (1.75*  THICK) 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

*) 

ultimate 

STRENGTH 

(MI) 

YIELD 

STRENGTH 

(MI) 

ELONG 

(*> 

RA 

(*) 

AIR  FORCE 

RT 

S  TRANS 

75.6 

61.4 

1.7 

2.4 

75.0 

61.0 

3.5 

2.4 

75.8 

62.0 

5.4 

5.1 

AVERAGE 

75.4 

61.5 

3.5 

3.3 

STANDARD 

DEVIATION 

0.4 

0.5 

1.8 

1.6 

E 

(MSI) 
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TABLE  FS 


COMPRESSION  RESULTS  AT  t/2  LOCATION  TON 
ALCAN  8090-T877 1  PLATS  (1.75"  THICK) 


COMPANY 

TEST 

TEMPERATURE 
(DECREES  P) 

ORIENTATION 

COMPRESSIVE  COMPRESSIVE 
YIELD  STRENGTH  MODULUS 

(KSI)  (XSI) 

MARTIN 

RT 

LONG 

70.3 

12.1 

MARIETTA 

67.0 

12.1 

68.1 

12.1 

AIR  FORCE 

RT 

LONG 

62.5 

11.8 

63.9 

12.0 

60.5 

10.1 

AVERAGE 

65.4 

11.7 

STANDARD  DEVIATION 

3.7 

0.8 

TABLE  F6 

COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PLATS  (1.75”  THICK) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(KSI) 

MARTIN 

RT 

L  TRANS 

72.6 

12.2 

MARIETTA 

73.6 

12.0 

73.1 

12.1 

AIR  FORCE 

RT 

L  TRANS 

62.5 

11.8 

70.9 

12.0 

67.5 

11.9 

AVERAGE 

70.0 

12.0 

STANDARD  DEVIATION 

4.3 

0.1 
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TABLE  F7 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PLATE  (1.7S*  THICK) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(KSI) 

t  MARTIN 

RT 

S  TRANS 

69.6 

12.1 

MARIETTA 

68.8 

12.0 

68.5 

12.0 

AVERAGE 

69.0 

12.0 

STANDARD  DEVIATION 

0.6 

0.1 
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TABLE  F8 


COMPANY 


AIR  FORCE 


AMSLER  DOUBLE  SHEAR  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PLATE  (1.75*  TRICE) 


ORIENTATION  SHEAR 

STRENGTH 

(ESI) 


T-L  41.1 

41.8 

43.4 

44.4 

43.6 

41.4 


AVERAGE 
STANDARD  DEVIATION 


42.6 

1.4 
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TABLE  F9 


COMPANY 


AIR  PORCB 


COMPANY 


AIR  PORCB 


BEARING  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PLATE  (1.75"  THICK) 


ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

BBARIMG 
YIELD  STR. 
(KSI) 

LONG 

1.5 

112.1 

90.6 

112.8 

91.5 

106.9 

83.7 

AVERAGE 

110.6 

88.6 

STANDARD 

DEVIATION 

3.2 

4.3 

TABLE  P10 

BEARING  RESULTS  AT  t/2  LOCATION  FOR 
ALCAN  8090-T8771  PLATE  (1.75"  THICK) 

ORIENTATION  a/D  BEARING 

ULT.  STR. 
(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS  1.5 

109.9 

89.6 

112.7 

90.6 

105.7 

87.3 

AVERAGE 

109.4 

89.2 

STANDARD  DEVIATION 

3.5 

1.7 

\ 
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TABU  ril 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCAH  8090-T8771  PUTS  (1.75"  THICK) 


COMPANY 


ORIENTATION 


KIC 

(KSZ  in-0.5) 


Kq  COMMENT 

(KSZ  in- 0.5) 


MARTIN  MARIETTA 

L-T 

29.9 

(1) 

27.9 

(1) 

28.3 

(1) 

AIR  FORCE 

L-T 

24.7 

(2) 

23.7 

(2) 

27.0 

AVERAGE  27.0  26.9 

STANDARD  DEVZATZON  0.0  2.6 


(1) i  INVALID  DUE  TO  a/W  <  0.45 

(2)  >  INVALID  DUE  TO  Paax/Pq  >  1.1 


TABU  F12 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCAN  8090-T8771  PUTS  (1.75"  THICK) 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSZ  in-0.5)  (KSI  in-0.5) 


MARTIN  MARIETTA 

S-L 

11.1 

(1) 

11.0 

(1) 

AIR  FORCE 

S-L 

12.1 

(1) 

12.8 

(1) 

9.9 

( 1) * (2) 

AVERAGE 

11.8 

STANDARD 

DEVIATION 

0.9 

(1) i  INVALID  DUB  T«  Kfat/Kq  >0.6 

(2) :  INVALID  DUE  TO  a, 8  <  2.5(Kq/YS)-2 


188 


TABLE  F13 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCAN  8090— T8771  PLATE  (1.75”  THICK) 


COMPANY  ORIENTATION  KIC 

(KSI  inA0.5) 

(KSI 

Kq 

inA0.5) 

COMMENT 

MARTIN  MARIETTA  T-L 

21.0 

(1) 

20.1 

(1) 

AIR  FORCE  T-L 

25.0 

24.3 

22.7 

AVERAGE 

24.0 

20.6 

STANDARD  DEVIATION 

1.2 

0.6 

( 1) z  INVALID  DUE  TO  Kfat/Kq  >  0.6 

TABLE  F14 

FRACTURE  TOUGHNESS  RESULTS 

FOR 

ALCAN  8090-T8771  PLATE  (1.75” 

THICK) 

COMPANY  ORIENTATION  KIC 

(KSI  inA0.5) 

Kq 

(KSI  inA0.5) 

COMMENT 

MARTIN  MARIETTA  S-T 

13.1 

(1) 

AVERAGE 

13.1 

STANDARD  DEVIATION 

0.0 

(1):  INVALID  DUE  TO  Kfat/Kq  >0.6 
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TABLE  F15 


COMPANY 


AIR  FORCE 


( * ) :  RON 


COMPANY 


AIR  FORCE 


( * ) s  RUN 


FATIGUE  RESULTS  WITH  R>0.1  AND  Kt-1.0  FOR 
ALCAN  8090-T8771  PLATE  (1. 75"  THICK) 


ORIENTATION 


LONG 


STRESS 

(KSI) 

CYCLES 

73.5 

5,016 

69.0 

15,020 

66.0 

16,366 

60.0 

36,998 

57.0 

93,383 

50.8 

280,000 

48.0 

95,642 

43.5 

2,946,918 

37.5 

17,000,000  * 

29.0 

10,000,000  * 

OUT 


TABLE  F16 

FATIGUE  RESULTS  WITH  R-0.1  AND  Kt-3.0  FOR 
ALCAN  8090-T8771  PLATE  (1.75"  THICK) 


ORIENTATION 


LONG 


STRESS 

(KSI) 

CYCLES 

50.0 

3,822 

40.0 

7,994 

30.0 

32,103 

28.0 

39,796 

26.0 

74,224 

24.0 

64,517 

22.0 

135,951 

21.0 

648,867 

20.5 

103,502 

20.0 

10,000,000 

OUT 


19C 


Max  Stress  (KSI) 


FIGURE  FI .  Fatigue  Results  for  8090-T8771  Plate  (Longitudinal  Orientation). 
Air  Force. 
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da/dN,  inch/cycle 


AK,  ksh/inch 


FIGURE  F3.  Fatigue  Crack  Growth  Rate  Data  tor  8090-T8771  Plate  (T-L  Orientation). 
Martin  Marietta. 


93 


da/dN,  inch/cycle 


d  a  /d  n  (  t  n  /c  y  c  ) 


DELTA- K 


FIGURE  F5.  Fatigue  Crack  Growth  Rate  Data  for  8090-T8771  Plate  (L-T  Orientation 
and  R=0.1) 

Air  Force. 


95 


do/dN  (  In/cyc) 


A  K ,  KSI  VCn 


FIGURE  F7.  Fatigue  Crack  Growth  Rate  Data  for  8090-T8771  Plate  (l-T  Orientation 
and  R-0.1  and  High  Humidity). 

Air  Force. 
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d  a  /dN  C  In  /eye) 


FIGURE  F8.  Fatigue  Crack  Growth  Rate  Data  for  8090-T8771  Plate  (L-T  Orientation 
and  R-0.33  and  High  Humidity). 
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FIGURE  F9.  Mini-TWIST  Spectrum  Crack  Length  vs  Rights  Data  for  8090-TB771  Plate 

(L-T  Orientation,  Room  Temperature,  Lab  Air  and  Maximum  Stress  *  16.9  Ksi). 


da/dF  (in/FLIGHT) 
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10 


DELTA  K  (KSI  SQRT(IN.)) 


FIGURE  FI  0.  Mini-TWIST  Spectrum  Crack  Growth  Rate  vs  Delta  K  Data  for  8090-T8771 
Plate  (L-T  Orientation,  Room  Temperature,  Lab  Air  and  Maximum  Stress 
»  16.9  KSU). 

Air  Force. 
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FIGURE  F1 1 .  FALSTAFF  Spectrum  Crack  Length  vs  Total  Flights  Data  lor  8090-T8771  Plate 
(L-T  Orientation,  Room  Temperature,  Lab  Air  and  Maximum  Stress  -  20  Ksi). 
Air  Force. 
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FIGURE  FI  2.  FALSTAFF  Spectrum  Crack  Growth  Rate  vs  Delta  K  Data  for  8090-T8771 
Plate  (L-T  Orientation,  Room  Temperature,  Lab  A Jr  and  Maximum  Stress 
-  20  Ksi). 

Air  Force. 
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APPENDIX  G 


IN905XL  PREQSION  FORGING 


INTRODUCTION 

The  IN905XL  Forgings  were  produced  in  a  pilot  plant  under  developmental  conditions  in 
1986.  Significant  variability  in  properties  can  be  expected  under  such  conditions. 

The  IN905XL  forgings  were  received  the  first  quarter  of  1987  and  ail  the  participants 
except  General  Dynamics  TX  tested  the  material  in  the  as-received  condition.  General  Dynamics 
TX  exposed  the  forging  to  a  two-step  solution  treatment  and  aging.  Figure  G1  shows  the 
geometry  of  the  IN905XL  jack  fitting  precision  forging. 

TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to  ASTM  E647 
standard.  Northrop  Corporation  and  General  Dynamics  performed  constant  amplitude  fatigue 
crack  growth  test  using  K  controlled  methods.  McDonnell  Aircraft  Company  (MCAIR)  used  a 
WOL  specimen  geometry. 

A  mini-TWIST  (moderately  intense  fatigue  environment)  spectrum  test  was  performed  by 
the  Air  Force. 
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TABLE  G1 


TENSILE  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

AIR  FORCE 

RT 

LONG 

66.6 

MCAIR 

RT 

LONG 

65.9 

66.1 

64.3 

63.7 

62.7 

67.7 
68.0 

68.3 

75.0 

LTV 

RT 

LONG 

75.5 

74.5 

68.0 

NORTHROP 

RT 

LONG 

67.9 

64.7 

67.4 

MARTIN 

RT 

LONG 

67.0 

64.3 

65.0 

64.7 

75.1 

MARIETTA 

SIKORSKY 

RT 

LONG 

75.9 

78.1 

67.5 

NASA 

RT 

LONG 

67.8 

68.0 

67.8 

68.9 
68.5 

67.0 

LANGLEY 

STANDARD 

AVERAGE 

DEVIATION 

67.9 

67.6 

68.4 

3.9 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RA 

(%) 

E 

(MSI) 

COMMENT 

52.0 

11.5 

23.0 

(1) 

50.6 

11.9 

21.0 

(1) 

52.0 

11.8 

25.0 

(1) 

51.6 

13.6 

27.6 

(2) 

48.7 

10.4 

12.4 

(2) 

49.5 

11.0 

19.4 

(2) 

56.0 

13.0 

30.3 

(1) 

56.1 

13.0 

25.3 

(1) 

57.7 

13.0 

28.0 

(1) 

65.0 

9.0 

18.2 

11.6 

(1) 

64.5 

8.0 

15.6 

11.9 

(1) 

62.0 

9.0 

20.3 

12.4 

(1) 

51.5 

13.0 

21.6 

10.8 

(1) 

54.8 

12.0 

17.4 

10.8 

(1) 

50.2 

11.0 

9.2 

10.8 

(1) 

55.4 

10.0 

11.6 

(1) 

55.7 

12.1 

(1) 

55.3 

12.0 

12.2 

(1) 

53.9 

12.0 

11.5 

(2) 

53.3 

11.0 

11.9 

(2) 

51.7 

12.0 

11.3 

(2) 

62.2 

12.0 

13.9 

11.4 

63.8 

10.0 

14.7 

11.4 

64.9 

10.0 

13.2 

11.6 

57.7 

7.5 

12.4 

(1) 

55.9 

14.0 

12.2 

(1) 

55.3 

13.0 

12.6 

(1) 

54.7 

13.0 

12.1 

(1) 

57.0 

13.0 

12.7 

(1) 

56.1 

14.0 

12.0 

(1) 

57.3 

7.0 

11.5 

57.8 

9.0 

11.4 

58.1 

7.0 

11.5 

56.0 

11.2 

19.8 

11.7 

4.5 

2.0 

6.0 

0.5 

(1) :  THIN  SECTION  < WEB /FLANGE  SECTION) 

(2) :  THICK  SECTION  (END  SECTION) 
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TABLE  G2 


TENSILE  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

*> 

ULTIMATE 

STRENGTH 

(KSI) 

AIR  FORCE 

RT 

L  TRANS 

66.9 

MCAIR 

RT 

L  TRANS 

67.2 

67.8 

64.9 
64.4 

64.4 
64.8 
64.1 

63.5 

74.5 

LTV 

RT 

L  TRANS 

74.5 

74.5 

66.8 

NORTHROP 

RT 

L  TRANS 

67.0 

67.4 

66.3 

MARTIN 

RT 

L  TRANS 

65.8 
66.6 

64.8 
65.0 
65.3 

69.5 

MARIETTA 

SIKORSKY 

RT 

L  TRANS 

69.8 

69.3 

68.1 

NASA 

RT 

L  TRANS 

67.9 

69.0 

68.7 

67.9 

LANGLEY 

STANDARD 

AVERAGE 

DEVIATION 

67.8 

68.0 

67.5 

2.9 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(*) 

B 

(MSI) 

COMMENT 

54.1 

9.3 

16.8 

(1) 

53.9 

7.0 

11.7 

(1) 

54.7 

8.0 

15.8 

(1) 

51.2 

13.3 

19.9 

(2) 

50.4 

11.1 

19.0 

(2) 

49.7 

9.3 

13.5 

(2) 

50.9 

9.0 

18.3 

(1) 

50.1 

11.0 

12.3 

(1) 

49.5 

8.0 

17.6 

(1) 

66.0 

8.0 

15.1 

12.4 

(1) 

61.5 

9.0 

18.5 

12.6 

(1) 

64.5 

8.0 

16.3 

11.5 

(1) 

55.2 

10.0 

19.2 

11.2 

(1) 

54.7 

10.0 

18.6 

11.5 

(1) 

55.2 

12.0 

17.7 

11.2 

(1) 

54.9 

10.0 

11.6 

(1) 

54.3 

11.0 

11.5 

(1) 

54.9 

12.5 

11.6 

(1) 

51.4 

6.0 

11.9 

(2) 

52.5 

8.0 

11.7 

(2) 

52.9 

8.0 

11.9 

(2) 

54.9 

4.0 

1.6 

11.3 

54.8 

3.0 

1.6 

11.1 

54.6 

4.0 

3.2 

11.0 

56.7 

14.0 

12.7 

(1) 

56.8 

10.0 

11.8 

(1) 

57.8 

13.0 

13.5 

(1) 

58.1 

9.0 

11.1 

(1) 

58.1 

8.0 

11.5 

58.4 

8.0 

11.4 

58.4 

8.0 

11.5 

55.2 

9.0 

14.3 

11.7 

4.0 

2.6 

6.1 

0.6 

(1) :  THIN  SECTION  (WEB/FLANGE  SECTION) 

(2) :  THICK  SECTION  (END  SECTION) 
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TABLE  G3 


TENSILE  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F> 

ULTIMATE 
STRENGTH 
(KSI ) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(%) 

E 

(MSI) 

COMMENT 

LTV 

RT 

S  TRANS 

64.7 

50.8 

8.0 

7.7 

11.2 

(2) 

67.3 

54.8 

12.0 

28.4 

10.9 

(2) 

63.2 

50.8 

8.0 

10.3 

11.2 

(2) 

NORTHROP 

RT 

S  TRANS 

64.1 

52.6 

6.5 

11.4 

(1) 

64.3 

52.2 

8.0 

12.1 

(1) 

64.7 

51.5 

8.0 

11.9 

(1) 

MARTIN 

RT 

S  TRANS 

74.1 

61.2 

6.0 

4.8 

11.6 

MARIETTA 

75.5 

62.0 

6.0 

4.0 

11.3 

72.6 

60.8 

4.0 

4.8 

11.2 

SIKORSKY 

RT 

S  TRANS 

67.7 

54.8 

9.0 

11.6 

(1) 

65.3 

50.8 

5.0 

12.8 

(1) 

NASA 

RT 

S  TRANS 

63.9 

53.3 

5.0 

11.2 

LANGLEY 

63.1 

53.7 

5.0 

11.4 

63.8 

53.6 

5.0 

11.3 

AVERAGE 

66.7 

54.5 

6.8 

10.0 

11.5 

STANDARD 

DEVIATION 

4.2 

4.0 

2.1 

9.3 

0.5 

(1) :  THIN  SECTION  (WEB/FLANGE  SECTION) 

(2) :  THICK  SECTION  (END  SECTION) 
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TABU  G4 


TENSILE  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 
STRENGTH 
(KSI ) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%> 

RA 

(*) 

B 

(MSI) 

COMMENT 

GENERAL 

RT 

LONG 

69.7 

57. 6 

* 

DYNAMICS 

67.1 

59.2 

9.7 

* 

AVERAGE 

68.4 

58.4 

9.7 

STANDARD 

DEVIATION 

1.8 

1.1 

(*):  THIN  SECTION 

NOTE:  HEAT  TREATED  WITH  THE  FOLLOWING  SCHEDUU: 
STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 


TABLE  G5 

TENSILE  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%> 

RA 

(%) 

E 

(MSI) 

COMMENT 

GENERAL 

RT 

L  TRANS 

71.2 

58.7 

P.6 

* 

DYNAMICS 

67.9 

56.6 

9.7 

* 

AVERAGE 

69.6 

57.7 

9.2 

STANDARD 

DEVIATION 

2.3 

1.5 

0.8 

(*):  THIN  SECTION 

NOTE:  HEAT  TREATED  WITH  THE  FOLLOWING  SCHEDULE: 

STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 
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TABLE  G6 


COMPRESSION  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI ) 

COMPRESSIVE 

MODULUS 

(MSI) 

MCAIR 

RT 

LONG 

6S.9 

11.9 

65. 9 

10.4 

65.6 

11.8 

LTV 

RT 

LONG 

59.1 

11.9 

53.3 

12.1 

60.5 

12.0 

NORTHROP 

RT 

LONG 

56.6 

11.7 

57.1 

12.2 

57.4 

12.0 

MARTIN 

RT 

LONG 

70.3 

12.4 

MARIETTA 

70.9 

12.3 

71.0 

12.3 

SIKORSKY 

RT 

LONG 

57.9 

13.2 

56.6 

11.2 

NASA 

RT 

LONG 

60.7 

11.7 

LANGLEY 

61.4 

11.7 

61.6 

11.7 

AVERAGE 

61.9 

11.9 

STANDARD  DEVIATION 

5.5 

0.6 

NOTE:  NORTHROP  SPECIMENS  TAKEN  FROM  WEB/FLANGE  SECTION. 
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TABLE  07 


COMPRESSION  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRE8SIVE 

MODULUS 

(MSI) 

MCAIR 

RT 

L  TRANS 

64.2 

12.1 

62.5 

12.4 

62.0 

12.7 

LTV 

RT 

L  TRANS 

57.3 

11.5 

58.9 

12.3 

56.5 

12.2 

NORTHROP 

RT 

L  TRANS 

56.2 

11.9 

56.0 

11.8 

56.0 

11.9 

MARTIN 

RT 

L  TRANS 

67.2 

12.3 

MARIETTA 

67.2 

12.2 

67.3 

12.3 

SIKORSKY 

RT 

L  TRANS 

56.2 

12.5 

55.5 

11.8 

55.4 

12.4 

NASA 

RT 

L  TRANS 

59.3 

11.7 

LANGLEY 

59.2 

11.6 

59.2 

11.7 

AVERAGE 

59.8 

12.1 

STANDARD  DEVIATION 

4.3 

0.3 

NOTE:  NORTHROP  SPECIMENS  TAKEN  FROM  WEB/FLANGE  SECTION. 
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TABLE  G8 


COMPRESSION  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(MI ) 

COMPRESSIVE 

MODULUS 

(MSI) 

LTV 

RT 

S  TRANS 

54.1 

11.5 

59.3 

12.0 

53.7 

11.8 

NORTHROP 

RT 

S  TRANS 

50.8 

11.9 

51.1 

11.9 

50.1 

11.8 

MARTIN 

RT 

S  TRANS 

57.1 

12.2 

MARIETTA 

57.1 

12.1 

56.5 

12.0 

NASA 

RT 

S  TRANS 

56.5 

11.6 

LANGLEY 

AVERAGE 

54.6 

11.9 

STANDARD  DEVIATION 

3.2 

0.2 

NOTE:  NORTHROP  SPECIMENS  TAKEN  FROM  WEB /FLANGE  SECTION. 
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TABU  G9 


COMPRESSION  RESULTS  I  OR 
XN905XL  FORGING 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(ESI) 

<M*I> 

GENERAL 

RT 

LONG 

58.0 

11.4 

DYNAMICS  (*) 


(*):  HEAT  TREATED  TO  THE  FOLLOWING  SCHEDULE : 

STEP  1  -  8S0F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 


TABLE  G10 

COMPRESSION  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(MSI) 

GENERAL 

RT  L  TRANS 

59.3 

11.7 

DYNAMICS 

<*) 

55.9 

11.7 

AVERAGE 

57.6 

11.7 

STANDARD  DEVIATION 

2.4 

0.0 

(*) J  HEAT  TREATED  TO  THE  FOLLOWING  SCHEDULE: 
STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 
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TABLE  611 


XOSXPESCU  SHEAR  RESULTS  FOR 
XN905XL  FORGING 

COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSD 

LTV  LONG  41.8 

41.7 

AVERAGE  41 . 8 

STANDARD  DEVIATION  0.1 


TABLE  G12 

IOSIPESCU  SHEAR  RESULTS  FOR 
IN905XL  FORGING 

COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 

LTV  L  TRANS  40.4 

41.4 

41.7 

41.1 

AVERAGE  41.2 

STANDARD  DEVIATION  0 
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TABLE  013 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 

IN905XL  FORGING 

COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS  ( 

*)  L  -  S  ’ 

37.7 

37.9 

AVERAGE 

37.8 

STANDARD  DEVIATION 

0.1 

(*) :  HEAT  TREATED 

TO  THE  FOLLOWING  SCHEDULE: 

STEP  1  -  850F  FOR  2  HRS 

STEP  2  -  66SF  FOR  2  HRS 

STEP  3  -  WARM  WATER  QUENCH 

STEP  4  -  230F  FOR  24  HRS 

TABLE  G14 

AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
{KSI ) 


NORTHROP  L  -  S  39.6 

39.3 

39.3 

NASA-LANGLEY  L  -  S  41.0 

40.9 

40.7 

AVERAGE  40.1 

STANDARD  DEVIATION  0.8 
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TABLE  G15 


COMPANY 


NASA-LANGLEY 


COMPANY 


MCAIR 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
IN90SXL  FORGING 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


T  -  S  40.9 

41.0 

40.7 

AVERAGE  40.9 

STANDARD  DEVIATION  0.2 


TABLE  G16 

SLOTTED  SHEAR  RESULTS  FOR 
IN905XL  FORGING 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


LONG 

44.5 

41.5 

38.0 

AVERAGE 

41.3 

STANDARD  DEVIATION 

3.3 
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TABLE  C17 


BEARING  RESULTS  FOR 
IN905XL  FORGING 

COMPANY  ORIENTATION  «/0  BEARING  BEARING 


ULT. 

STR. 

(KSI) 

YIELD  STR. 
(KSI) 

LTV 

LONG  1 . 5 

97.0 

82.5 

95.9 

83.7 

NORTHROP 

LONG  1 . 5 

102.0 

83.9 

89.4 

77.7 

100.8 

82.3 

NASA-LANGLEY 

LONG  1 . 5 

88.4 

79.3 

92.6 

78.7 

AVERAGE 

97.0 

82.0 

STANDARD  DEVIATION 

5.0 

2.5 

NOTE:  NORTHROP 

SPECIMENS  TAKEN  FROM  WEB/FLANGE 

SECTION. 

TABLE  G18 

BEARING  RESULTS 

FOR 

IN905XL  FORGING 

COMPANY  ORIENTATION  e/D 

BEARING 

BEARING 

ULT. 

STR. 

YIELD  STR. 

(KSI) 

(KSI) 

LTV 

L  TRANS  1 . 5 

118.0 

91.5 

115.0 

97.9 

NORTHROP 

L  TRANS  1 . 5 

85.3 

77.3 

98.1 

82.3 

86.7 

77.2 

AVERAGE 

100.6 

85.2 

STANDARD  DEVIATION 

15.4 

9.2 

NOTE:  NORTHROP 

SPECIMENS  TAKEN  FROM  WEB/ FLANGE 

SECTION. 
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TABLE  G19 


COMPANY 

MCAIR 

LTV 

NORTHROP 


COMPANY 

GENERAL 

DYNAMICS 

( * ) :  HEAT 


BEARING  RESULTS  FOR 
IN905XL  FORGING 


ORIENTATION  e/D  BEARING  BEARING 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

LONG  2 . 0 

125.0 

104.0 

125.0 

107.0 

124.0 

102.0 

LONG  2 . 0 

118.0 

91.5 

115.0 

97.9 

LONG  2 . 0 

125.1 

96.5 

125.9 

95.7 

125.9 

93.7 

AVERAGE 

123.0 

98.5 

STANDARD  DEVIATION 

4.1 

5.3 

TABLE  G20 

BEARING  RESULTS  FOR 
IN905XL  FORGING 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

LONG 

2.0 

111.0 

93.4 

113.3 

92.9 

AVERAGE 

112.2 

93.2 

STANDARD 

DEVIATION 

1.6 

0.4 

TREATED  TO  THE  FOLLOWING  SCHEDULE: 
STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 
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TABLE  G21 


BEARING  RESULTS  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  e/D  BEARING  BEARING 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

MCAIR 

L  TRANS  2 . 0 

105.0 

101.0 

123.0 

103.0 

122.0 

103.0 

LTV 

L  TRANS  2 . 0 

117.2 

100.5 

124.7 

97.3 

NORTHROP 

L  TRANS  2 . 0 

117.5 

89.0 

124.2 

92.2 

115.7 

89.0 

AVERAGE 

118.7 

96.9 

STANDARD  DEVIATION 

6.5 

6.0 

TABLE  G22 

BEARING  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

GENERAL 

L  TRANS 

o 

• 

CM 

108.4 

89.3 

DYNAMICS 

<*) 

107.9 

90.4 

AVERAGE 

108.2 

89.9 

STANDARD 

DEVIATION 

0.4 

o 

• 

00 

(*):  HEAT  TREATED  TO  THE  FOLLOWING  SCHEDULE: 

STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 
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TABLE  623 


FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

KIC 

Kq 

COMMENT 

(KSI  inA0. 5) 

(KSI  inA0. 5 ) 

MCAIR 

L-T 

18.8 

VALID 

24.9 

VALID 

NORTHROP 

L-T 

37.9 

(1) 

38.3 

(1) 

MARTIN 

MARIETTA 

L-T 

27.7 

(2) 

AVERAGE 

21.9 

34.6 

STANDARD  DEVIATION 

4.3 

6.0 

(1) s  INVALID  DUE  TO  Pmax/Pq  >1.10 

(2) :  INVALID  DUE  TO  PRE-CRACK  GROWTH  >  0.55W 

NOTE:  NORTHROP  SPECIMENS  TAKEN  FROM  END  SECTION. 


TABLE  G24 


FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  in*0.5) 

Kq 

(KSI  in*0. 5) 

COMMENT 

MCAIR 

T-L 

23.5 

VALID 

21.0 

VALID 

LTV 

T-L 

33.9 

(1) 

35.4 

(1) 

31.5 

(1) 

33.4 

(1) 

NORTHROP 

T-L 

34.4 

(1) 

33.4 

(1) 

MARTIN 

T-L 

22.8 

(2) 

MARIETTA 

21.7 

(2) 

AVERAGE 

22.3 

30.8 

STANDARD  DEVIATION 

1.7 

5.4 

(1) :  INVALID  DUE  TO  Finax/Pq  >1.10 

(2) :  INVALID  DUE  TO  PRE-CRACK  GROWTH  >  0.55W 

NOTE:  NORTHROP  SPECIMENS  TAKEN  FROM  END  SECTION. 


220 


TABLE  G25 


FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 

COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  in~0. 5)  (KSI  in*0.5) 


LTV 

T-S 

34.1 

(1) 

33.3 

(1) 

AVERAGE 

33.7 

STANDARD  DEVIATION 

0.6 

(1):  INVALID  DUE  TO  Pmax/Pq  >1.10 
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TABLE  G26 


FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  inA0. 5)  (KSI 

Kq 

inA0.5) 

COMMENT 

MCAIR 

S-T 

17.8 

VALID 

19.3 

VALID 

MARTIN 

S-T 

15.6 

MARIETTA 

16.3 

15.0 

(1) 

AVERAGE 

17.2 

15.0 

STANDARD  DEVIATION 

1.6 

(1):  INVALID 

DUE  TO  PRE-CRACK 

GROWTH  >  0.55W 

TABLE  G27 

FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  inA0. 5) 

Kq 

(KSI  inA0. 5) 

COMMENT 

MARTIN 

S-L 

19.5 

VALID 

MARIETTA 

19.1 

(1) 

23.8 

(2) 

AVERAGE 

19.5 

21.5 

STANDARD  DEVIATION 

« 

3.3 

(1) :  INVALID  DUE  TO  ASSYMETRIC  CRACK  GROWTH 

(2) :  INVALID  DUE  TO  PRE-CRACK  GROWTH  >  0.55W 
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TABLE  028 


FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  inA0. 5)  (ESI  in*0.5) 


GENERAL 

L-T 

32.4 

<D»<2) 

DYNAMICS 

35.1 

(1>,<2) 

AVERAGE 

33.8 

STANDARD  DEVIATION 

1.9 

(1) :  SPECIMEN  THICKNESS  LESS  THAN  REQUIRED  FOR  VALIDITY 

(2) :  HEAT  TREATED  TO  THE  FOLLOWING  SCHEDULE: 

STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
STEP  4  -  230F  FOR  24  HRS 


TABLE  G29 

FRACTURE  TOUGHNESS  RESULTS  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  in^O. 5)  (KSI  Ln*0.5) 


GENERAL 

T-L 

29.8 

(1),(2) 

DYNAMICS 

30.7 

(1), (2) 

AVERAGE 

30.3 

STANDARD  DEVIATION 

0.6 

(1) :  SPECIMEN  THICKNESS  LESS  THAN  REQUIRED  FOR  VALIDITY 

(2) :  HEAT  TREATED  TO  THE  FOLLOWING  SCHEDULE: 

STEP  1  -  850F  FOR  2  HRS 
STEP  2  -  665F  FOR  2  HRS 
STEP  3  -  WARM  WATER  QUENCH 
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Novamet  IN905XL  Forging 


co 

o 

♦ 


Results  for  IN°05XL  Forging  (R-0.1,  Kt«1.0).  Sikorsky 


TABLE  030 


FATIGUE  RESULTS  WITH  R-0.1  AND  Kt-l.C  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  STRESS 

(KSI) 


CYCLES 


SIKORSKY 

LONG 

70.0 

3,000  # 

70.0 

7,000  t 

60.0 

16,000  6 

60.0 

11,000 

50.0 

42,000 

50.0 

10,000,000  * 

45.0 

10,000,000  * 

40.0 

10,000,000  * 

(*)s 

(#): 

INDICATES 

INDICATES 

A  RUNOUT  TEST 
THAT  SPECIMEN 

WAS 

PREVIOUSLY 

TESTED 

TO 

RUNOUT 

e 

40 

KSI 

<1): 

INDICATES 

THAT 

SPECIMEN 

WAS 

PREVIOUSLY 

TESTED 

TO 

RUNOUT 

e 

50 

KSI 

(&): 

INDICATES 

THAT 

SPECIMEN 

WAS 

PREVIOUSLY 

TESTED 

TO 

RUNOUT 

e 

45 

KSI 
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TABLE  031 


FATIGUE  RESULTS  WITH  R-0.1  AND  Kt»1.0  FOR 
IN90SXL  FORGING 


COMPANY  ORIENTATION  STRESS  CYCLES 

(ESI) 


SIKORSKY  L  TRANS 


60.0  19 , 000  # 

50.0  10,000,000  * 


(*):  INDICATES  A  RUNOUT  TEST 

(#)t  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  9  50  KSI 
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TABLE  G32 


FATIGUE  RESULTS  WITH  R-O.l  AND  Kt-1.0  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  STRESS  CYCLES 

(KSI) 


SIKORSKY  S  TRANS 


70.0  1,000  # 

60.0  23,000 

50.0  10,000,000  * 


(*):  INDICATES  A  RUNOUT  TEST 

(#):  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  9  50  KSI 
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TABLE  G33 


FATIGUE  RESULTS  WITH  R— 1.0  AND  Kt-1.0  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

STRESS 

CYCLES 

(KSI) 

SIKORSKY 

LONG 

35.0 

61,200 
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TABLE  G34 


FATIGUE  RESULTS  WITH  R— 1.0  AND  Kt-1.0  FOR 
IN905XL  FORGING 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

SIKORSKY 

L  TRANS 

60.0 

1,000  # 

50.0 

2,000  1 

45.0 

12,500 

45.0 

12,000  & 

40.0 

32,500 

35.0 

10,000,000  * 

30.0 

10,000,000  * 

20.0 

10,000,000  * 

( * ) s  INDICATES  A  RUNOUT  TEST 

(#):  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  @  30  KSI 
( 1 ) :  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  0  20  KSI 
(&):  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  0  35  KSI 
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TABLE  G35 


FATIGUE  RESULTS  WITH  R=0.1  AND  Kt-3.07  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  STRESS 

(KSI) 


CYCLES 


SIKORSKY 

LONG 

40.0 

2,400 

30.0 

17,000 

20.0 

57,000 

15.0 

96,000 

10.0 

10,000,000 

10.0 

10,000,000 

(*): 

INDICATES 

A  RUNOUT  TEST 

<#): 

INDICATES 

THAT  SPECIMEN  WAS 

PREVIOUSLY  TESTED 

TO  RUNOUT  @  10  KSI 
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TABLE  G36 


FATIGUE  RESULTS  WITH  R=0.1  AND  Kt*3.07  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  STRESS 

(KSI ) 


CYCLES 


SIKORSKY 


L  TRANS 


30.0  10,000  # 

15.0  187,400 

10.0  10,000,000  * 


(*):  INDICATES  A  RUNOUT  TEST 

(#):  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  @  10  KSI 
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TABLE  G37 


COMPANY 


SIKORSKY 


(*):  INDICATES 

(#) s  INDICATES 


FATIGUE  RESULTS  WITH  R«0.1  AND  Kt-3.07  FOR 
IN905XL  FORGING 

ORIENTATION  STRESS  CYCLES 

(KSI) 


S  TRANS 


30.0  16,000  # 

20.0  213,400 

15.0  10,000,000  * 


A  RUNOUT  TEST 

THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  @  15  KSI 
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Novamet  IN905XL  Forging 


Results  for  IN905XL  Forging  (R=-1.0,  Kt=3.0).  Sikorsky. 


TABLE  G38 


FATIGUE  RESULTS  WITH  R— 1.0  AND  Kt-3.07  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION 


STRESS  CYCLES 

(KSI) 


SIKORSKY 


LONG 


20.0  14,000 

15.0  67,000 


( * ) s  INDICATES  A  RUNOUT  TEST 

(#):  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  @  15  KSI 
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TABLE  G39 


FATIGUE  RESULTS  WITH  R— 1.0  AND  Kt-3.07  FOR 
IN905XL  FORGING 


COMPANY  ORIENTATION  STRESS  CYCLES 

(KSI) 


SIKORSKY 


L  TRANS 


30.0  4,000  # 

15.0  50,000 

12.5  112,400 

10.0  10,000,000  * 


(*) :  INDICATES  A  RUNOUT  TEST 

(#):  INDICATES  THAT  SPECIMEN  WAS  PREVIOUSLY  TESTED  TO  RUNOUT  @  10  KSI 
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Figure  G6  fatigue  Crack  Growth  Rate  Data  for  IN905XL  Forging 
(L-T  Orientation,  KGRAD  -2.00  and  2.00).  Northrop 
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FATIGUE  CRACK  GROWTH  RATES 
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figure  07  Fatigue  Crack  Growth  Rate  Data  for  IN905XL  Forging 
(L-T  Orientation,  KOARAD  -4.00  and  4.00).  Northrop. 


FATIGUE  CRACK  GROWTH  RATES 


figure  Cfl  Fatigue  Crack  Growth  Rate  Data  for  IN90SYL  Forging 
(T-L  Orientation,  KCRAO  -2.00  and  2.00).  Northrop. 
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Figure  G9  fatigue  Crack  Growth  Rate  Data  for  IN905XL  Forging 
(7-L  Orientation,  KGRAD  -A. 00  and  4.00).  Northrop. 
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FATIGUE  CRACK  GROWTH  RATES 
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Figure  G10  Fatigue  Crack  Growth  Rate  nata  for  I!7°05VL  Gorging 
(S-L  Orientation,  KGRAD  -2.00  and  2.00).  Northrop. 
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Figure  nil  Fatigue  Crack  Growth  Rate  Data  for  IN905XL  Forging 

(S-L  Orientation,  KGRAT)  -2.00  ,  2.00  and  2.00).  Northrop. 
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AK,  KSI  Vin 

Fatigue  Crack  Growth  In  IN905XL  Die  Forging 


Figure  Gl 2  Fatigue  Crack  Growth  Rate  Data  for  Solutiontreated  and 

aged  IN905XL  Forging  (L-T  and  T-L  Orientation,  R=0.1,  Lab 
Air  and  a  third  order  regression  fit  to  each  data  set). 
General  Dynamics  TX. 
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Figure  013  Fatigue  Crack  Growth  Rate  Data  for  IN905XL  Forging 
(WOL  Specimen,  L-T  Orientation,  R=0.02,  Lab  Air). 
McDonnell  Aircraft  Mo. 
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pigure  G14  Patigue  Crack  Crowth  Rate  Data  for  IN905XL  Gorging 
(WOL  Specimen,  T-L  Orientation,  R=0.02  and  Lab  Air) 
McDonnell  Aircraft  Mo. 


2- 


IN905XL 
MINI  TWIST 

*  SP-B1,  17  KSI  MAXIMUM  STRESS 

L-T  Orientation 
Lab  Air 


APPENDIX  H 

AL905XL  PRECISION  FORGING 


INIEQDU.CIIQN 


The  IN905XL  and  AL905XL  are  the  same  alloy  but  they  were  produced  in  different  years 
and  production  plants.  In  1989,  Inco  Alloys  International  constructed  a  production  facility  to 
make  the  AL905XL  and  other  mechanically  alloyed  aluminum  alloys.  Production  practices 
through  all  stages  of  alloy  manufacture  were  changed  to  yield  greatly  improved  reproducibility. 

The  AL905XL  forgings  were  received  the  second  quarter  of  1989.  All  the  participants 
tested  the  material  in  the  as  received  condition.  Figure  HI  shows  the  geometry  of  the  AL905XL 
back-up  fitting  precision  forging. 


TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc.)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to  ASTM  E647 
standard.  The  growth  rate  a-N  data  that  were  generated  by  the  participants  (Northrop, 

McDonnell  Aircraft  Company  and  the  Air  Force)  were  reduced  using  a  seven-point  incremental 
polynomial  method.  This  involves  fitting  a  second-order  polynomial  (parabola)  to  sets  of  seven 
successive  data  points.  The  data  are  also  checked  against  size  requirements  per  ASTM  E647, 
Section  7.2.  Northrop  also  performed  two  constant  amplitude  fatigue  crack  growth  tests  using  a 
K-decreasing  method. 

Spectrum  fatigue  crack  growth  tests  were  performed  by  the  Air  Force  using  FALSTAFF 
(a  severe  fatigue  environment)  and  Mini-TWIST  (  a  moderately  intense  fatigue  environment) 
spectrums. 

Stress  Corrosion  tests  were  performed  by  Wyman  Gordon  and  the  results  are  shown  in 
tabular  form. 
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Figure  HI  AL905XL  Back-up  Fitting  Precision  Forging. 


TABLE  HI 


TENSILE  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RA 

<%> 

E 

(MSI) 

AIR  FORCE 

RT 

LONG 

79.0 

70.9 

24.0 

77.3 

67.8 

16.7 

76.9 

71.7 

9.9 

22.6 

LTV 

RT 

LONG 

74.7 

66.7 

12.0 

13.4 

74.5 

67.5 

7.7 

13.2 

75.0 

67.7 

11.6 

13.1 

MCAIR 

RT 

LONG 

75.0 

66.0 

11.0 

22.1 

11.3 

75.5 

66.5 

11.0 

20.0 

11.9 

75.0 

65.5 

11.0 

17.8 

10.6 

WYMAN-GORDON 

RT 

LONG 

75.2 

67.8 

9.0 

73.6 

62.8 

12.0 

73.2 

64.2 

11.0 

NASA-LANGLEY 

RT 

LONG 

76.7 

67.7 

9.0 

11.3 

76.1 

67.9 

9.0 

11.3 

77.1 

68.7 

8.8 

11.3 

MCDONNELL 

RT 

LONG 

73.5 

65.7 

13.0 

DOUGLAS 

72.5 

64.1 

13.0 

HELICOPTER 

73.3 

62.1 

12.0 

MARTIN 

RT 

LONG 

75.3 

64.3 

12.0 

18.3 

11.6 

MARIETTA 

75.3 

65.0 

12.0 

23.2 

12.0 

72.9 

61.2 

12.0 

24.1 

11.6 

NORTHROP 

RT 

LONG 

76.1 

66.8 

10.2 

27.8 

12.1 

76.0 

66.9 

7.8 

18.9 

11.8 

76.1 

67.1 

8.6 

18.3 

11.7 

AVERAGE 

75.2 

66.4 

10.6 

21.1 

11.9 

STANDARD 

DEVIATION 

1.6 

2.5 

1.6 

3.3 

0.8 
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TABLE  H2 


TENSILE  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

ULTIMATE 
STRENGTH 
(KSI ) 

YIELD 

STRENGTH 

(RSI) 

ELONG 

<%) 

RA 

<%> 

B 

(MSI) 

AIR  FORCE 

RT 

L  TRANS 

72.0 

60.4 

8.7 

20.8 

72.5 

62.4 

8.7 

16.6 

71.1 

58.1 

8.3 

16.7 

LTV 

RT 

L  TRANS 

71.8 

61.2 

8.0 

13.1 

72.2 

61.3 

8.8 

12.8 

71.4 

58.9 

8.4 

12.9 

MCAIR 

RT 

L  TRANS 

72.5 

60.0 

9.0 

13.6 

11.2 

72.5 

60.0 

9.0 

16.5 

11.2 

73.0 

60.0 

7.0 

13.8 

10.5 

WYMAN -GORDON 

RT 

L  TRANS 

72.0 

60.8 

8.0 

72.2 

57.2 

8.0 

72.3 

60.1 

8.0 

NASA-LANGLEY 

RT 

L  TRANS 

73.5 

60.5 

7.5 

11.2 

73.5 

60.5 

7.1 

11.2 

73.1 

59.2 

8.8 

11.2 

MCDONNELL 

RT 

L  TRANS 

68.0 

57.0 

7.0 

DOUGLAS 

67.3 

53.7 

7.0 

HELICOPTER 

71.3 

62.6 

12.0 

MARTIN 

RT 

L  TRANS 

72.4 

58.7 

11.0 

17.6 

MARIETTA 

71.8 

60.2 

11.0 

13.9 

71.7 

56.8 

12.0 

16.1 

NORTHROP 

RT 

L  TRANS 

72.9 

58.5 

8.6 

18.3 

11.5 

73.9 

60.4 

6.2 

14.4 

11.2 

74.4 

61.3 

9.4 

14.4 

11.7 

AVERAGE 

72.1 

59.6 

8.6 

16.1 

11.6 

STANDARD 

DEVIATION 

1.6 

2.0 

1.5 

2.2 

0.8 
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TABLE  H3 


TENSILE  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

TEST 

ORIENT¬ 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(%> 

(*) 

(MSI) 

(DEGREES  F) 

(KSI) 

(KSI) 

AIR  FORCE 

RT 

S  TRANS 

72.6 

56.6 

6.4 

12.3 

72. S 

59.4 

5.3 

13.8 

72.4 

S9.5 

3.9 

7.8 

LTV 

RT 

S  TRANS 

69.1 

56.4 

3.1 

13.3 

71.2 

58.4 

5.3 

13.9 

69.4 

56.0 

3.1 

14.3 

MCAIR 

RT 

S  TRANS 

70.5 

61.5 

5.0 

7.9 

13.4 

71.5 

58.5 

7.0 

12.4 

10.8 

71.5 

59.0 

8.0 

14.8 

10.9 

WYMAN-GORDON 

RT 

S  TRANS 

69.6 

54.4 

6.0 

70.0 

56.0 

8.0 

70.6 

56.1 

7.0 

NASA-LANGLEY 

RT 

S  TRANS 

70.4 

56.3 

4.9 

11.2 

70.6 

55.7 

4.8 

11.2 

70.8 

55.3 

4.8 

11.1 

MCDONNELL 

RT 

S  TRANS 

67.7 

54.5 

11.0 

DOUGLAS 

68.0 

54.0 

10.0 

HELICOPTER 

68.7 

55.6 

10.0 

MARTIN 

RT 

S  TRANS 

68.3 

57.1 

4.0 

7.0 

11.7 

MARIETTA 

70.2 

54.7 

5.0 

5.5 

11.5 

68.4 

54.9 

5.0 

4.0 

11.5 

NORTHROP 

RT 

S  TRANS 

72.4 

59.4 

7.8 

17.8 

11.2 

71.1 

57.6 

7.8 

9.7 

11.5 

71.5 

57.9 

7.8 

16.5 

11.3 

AVERAGE 

70.4 

57.0 

6.3 

10.8 

11.9 

STANDARD 

DEVIATION 

1.5 

2.0 

2.2 

4.5 

1.2 
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TABLE  H4 


COMPRESSION  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(ESI) 

COMPRESSIVE 

MODULUS 

(MSI) 

LTV 

RT 

LONG 

72.5 

11.8 

73.9 

11.7 

73.3 

12.2 

MCAIR 

RT 

LONG 

64.0 

9.9 

66.0 

10.3 

56.5 

9.4 

WYMAN-GORDON 

RT 

LONG 

64.4 

70.0 

70.6 

NASA-LANGLEY 

RT 

LONG 

70.5 

11.5 

70.3 

11.5 

MARTIN 

RT 

LONG 

70.4 

MARIETTA 

72.0 

70.4 

NORTHROP 

RT 

LONG 

70.9 

11.8 

70.4 

11.7 

67.1 

11.8 

AVERAGE 

69.0 

11.2 

STANDARD  DEVIATION 

4.3 

0.9 
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TABLE  HS 


COMPRESSION  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

NASA-LANGLEY 

RT 

L  TRANS 

56.4 

11.5 

55.3 

11.4 

55.9 

11.5 

AVERAGE 

55.9 

11.5 

STANDARD  DEVIATION  0.6  0.1 


TABLE  H6 

COMPRESSION  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(MSI) 

LTV 

RT 

S  TRANS 

58.5 

11.8 

58.8 

11.6 

60.5 

12.2 

MCAIR 

RT 

S  TRANS 

54.0 

10.4 

53.5 

9.6 

64.0 

10.4 

WYMAN -GORDON 

RT 

S  TRANS 

60.6 

63.1 

61.5 

MARTIN 

RT 

S  TRANS 

57.1 

MARIETTA 

58.2 

57.1 

NORTHROP 

RT 

S  TRANS 

56.9 

11.7 

57.8 

11.8 

58.1 

11.8 

AVERAGE 

58.6 

11.3 

STANDARD  DEVIATION 

2.9 

0.9 
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TABLE  H7 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

LTV 

L  -  S 

32.8 

33.1 

36.5 

NASA-LANGLEY 

L  -  S 

42.3 

41.1 

41.4 

41.5 
41.7 

NORTHROP  L  -  S  39.1 

41.2 

41.9 


MCDONNELL  DOUGLAS  L  -  S 

HELICOPTER 


AVERAGE 


39.5 


TABLE  H8 

PIN  SHEAR  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 

MCAIR  L  -  S  42.2 

40.6 

42.0 

WYMAN-GORDON  L  -  S  40.4 

50.0 

40.2 

AVERAGE  42 . 6 

STANDARD  DEVIATION  3 . 7 
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TABLE  H9 


COMPANY 

LTV 

MCAIR 

WYMAN -GORDON 

NORTHROP 


COMPANY 

LTV 

MCAIR 

WYMAN-GORDON 

NORTHROP 


BEARING  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


ORIENTATION 

•/D 

LONG 

l.S 

LONG 

1.5 

LONG 

1.5 

LONG 

1.5 

AVERAGE 

STANDARD 

DEVIATION 

BEARING  BEARING 


STR. 

YIELD  STR. 

(KSI) 

(KSI) 

100.7 

88.7 

96.0 

91.4 

101.4 

100.2 

103.1 

99.2 

101.6 

91.3 

98.5 

89.1 

100.1 

90.1 

2.2 

1.4 

TABLE  H10 

BEARING  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

LONG 

2.0 

125.2 

101.2 

122.3 

100.5 

LONG 

2.0 

129.8 

127.8 

133.2 

129.4 

LONG 

2.0 

127.6 

122.5 

LONG 

2.0 

134.9 

107.1 

133.1 

106.6 

AVERAGE 

128.6 

112.1 

STANDARD 

DEVIATION 

5.0 

13.1 
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TABLE  Hll 


FRACTURE  TOUGHNESS  RESULTS  FOR 
INCOMAP  AL905XL  DIB  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  in“0.5) 

Kq 

(KSI  in-'O.t) 

COMMENT 

AIR  FORCE 

L-T 

27.1 

VALID 

23.6 

VALID 

LTV 

L-T 

28.9 

VALID 

27.7 

VALID 

MCAIR 

L-T 

27.1 

INVALID ( 1 ) 

29.9 

VALID 

WYMAN-GORDON 

L-T 

29.5 

VALID 

28.9 

VALID 

MCDONNELL 

L-T 

31.1 

INVALID (2) 

DOUGLAS 

29.9 

INVALID (2) 

HELICOPTER 

MARTIN 

L-T 

31.2 

VALID 

MARIETTA 

30.8 

VALID 

NORTHROP 

L-T 

29.1 

VALID 

29.9 

INVALID (2) 

AVERAGE 

28.7 

29.5 

STANDARD  DEVIATION 

2.2 

1.7 

(1) :  DIFF.  BETWEEN  SURFACE  CRACK  LENGTHS  >  10%  OF  AVERAGE  CRACK  LENGTH 

(2) :  Pmax/Pq  EXCEEDED  1.10 
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TABLE  HI 2 


FRACTURE  TOUGHNESS  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  in'O.S)  (KSI  in'O.S) 


AIR  FORCE 

T-L 

LTV 

T-L 

MCAIR 

T-L 

WYMAN -GORDON 

T-L 

MCDONNELL 

DOUGLAS 

HELICOPTER 

T-L 

MARTIN 

MARIETTA 

T-L 

NORTHROP 

T-L 

AVERAGE 
STANDARD  DEVIATION 


22.3 

VALID 

21.3 

VALID 

19.0 

VALID 

19.1 

VALID 

25.7 

VALID 

24.0 

VALID 

22.2 

VALID 

20.4 

VALID 

28.2 

INVALID ( 1 ) 

29.0 

INVALID ( 1 ) 

23.1 

VALID 

24.1 

VALID 

2S.4 

VALID 

22.4 

28.6 

2.3 

0.6 

(1):  Pmax/Pq  EXCEEDED  1.10 
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TABLE  H13 


FRACTURE  TOUGHNESS  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  inA0. 5) 

Kq 

(KSI  inA0. 5) 

COMMENT 

AIR  FORCE 

S-L 

21.2 

VALID 

LTV 

S-L 

20.5 

20.6 

VALID 

VALID 

MCAIR 

S-L 

24.9 

INVALID(l) 

WYMAN -GORDON 

S-L 

21.8 

20.9 

VALID 

VALID 

MARTIN 

MARIETTA 

S-L 

22.9 

23.6 

VALID 

INVALID(2) 

AVERAGE 

21.3 

24.3 

STANDARD  DEVIATION 

0.9 

0.9 

(1) ;  DIFF.  BETWEEN  SURFACE  CRACK  LENGTHS  >  10%  OF  AVERAGE  CRACK  LENGTH 

(2) :  PRECRACK  LENGTH  TOO  LONG,  a/W«0.6 
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TABLE  H14 


FRACTURE  TOUGHNESS  RESULTS  FOR 
INCOMAP  AL905XL  DIE  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  inA0. 5) 

Kq 

(KSI  inA0. 5) 

COMMENT 

AIR  FORCE 

S-T 

26.1 

VALID 

22.3 

VALID 

LTV 

S-T 

21.1 

INVALID(l) 

24.6 

VALID 

MCAIR 

S-T 

27.2 

INVALID(2) 

25.2 

INVALID (2) 

WYMAN-GORDON 

S-T 

22.6 

VALID 

22.9 

VALID 

MCDONNELL 

S-T 

29.5 

INVALID(3) 

DOUGLAS 

26.2 

VALID 

HELICOPTER 

MARTIN 

S-T 

24.2 

VALID 

MARIETTA 

24.2 

VALID 

NORTHROP 

S-T 

26.2 

VALID 

24.1 

VALID 

AVERAGE 

24.3 

25.8 

STANDARD  DEVIATION 

1.5 

3.6 

(1) :  CRACK  SYMMETRY  OUTSIDE  LIMITS 

(2) :  DIFF.  BETWEEN  SURFACE  CRACK  LENGTHS  >  10%  OF  AVERAGE  CRACK  LENGTH 

(3) :  WfB  >  2.5 (Kq/YS) **2 
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INCOMAP  AL905XL  Forging 


00 
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McDonnell  Douglas  Helicopter 


TABLE  HI 5 


FATIGUE  RESULTS  WITH  R-O.l  AND  Kt-1.0  FOR 
INCOMAP  AL905XL  DIB  FORGING 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL 

LONG 

SO.O 

12,300 

DOUGLAS 

4S.0 

29,200 

HELICOPTER 

42.5 

133,200 

41.0 

467,400 

40.0 

146,500 

39.0 

1,346,200 

38.0 

10,685,100  • 

35.0 

14,455,400  * 

da/dN  Un/CYCLE) 


AK  (MPa-m  ) 


10 


-3  cr 


10 


10 


-4 


10 


-5 


10 


10 


-7 


10 


-8 


10 


-9 


T 


AL905XL  FORGING 
a  Z0F1  NORTHROP  10  HZ 

e  #31  HCAIR  VAR  FREQ 

+  LT12  AIR  FORCE  30  HZ 

x  LT13  AIR  FORCE  25  HZ  * 

• 


R  =  0.10 
75° F  I2A°C) 

LAB  AIR 
L-T 


j _ I _ L 


jjJIL 


100 


-2 


10 


-3 


10 


-6 


-4  io 


-4  10 


■J-l— I _ I  I  111 


10 

AK  CKSI-i  n  1/2j 


100 


Figure  H3 


fatigue  Crack  Growth  Rate  Data  for  AL905XL  Forging 
(L-T  Orientation).  Northrop,  MCAIR,  and  Air  Force. 


da/dN  (mm/CYCLE) 


figure  HA  Fatigue  Crack  Growth  Rate  Data  for  AL905XL  Forging  (K-decreasing  method 
L-T  Orientation,  R«0.1,  Lab  Air,  Room  Temperature).  Northrop. 
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da/dN  (in/CYCLE) 


265 


da/dN  (mm/CYCLE) 


266 


da/dN  (in/CYCLE) 


/dN  tmm/CYCLE) 


Figure  H8  FALSTAFF  Spectrum  Fatigue  Crack  Growth  Rate  Data  for 

AL905XL  Forging  (L-S  Orientation,  Maximum  Stress  ■  20  KSI , 
Lab  Air  and  Room  Temperature).  Air  Force. 
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(rwi/f  llqht) 


TABLE  H16 


STRESS  CORROSION  PROPERTIES 
FOR  AL905XL  FORGING 
WYMAN  GORDON 


ASTM  G47 

Specimen  Size:  .125"  dia.  x  1.80"  long 
Tested  at  Dirats  Laboratories 


m 


Orientation 


L 


Applied  Load  (ksi) 


31 

S 

rail 

32 

S 

rail 

33 

S 

rib 

34 

S 

rail 

35 

S 

rail 

36 

S 

rib 

39*** 

S 

rail 

40 

S 

rail 

30 

30 

30 

40 

40 

40 

50 

55 


Minimum  30  days  by  alternate  immersion  in  3.5%  NaCI. 
Specimens  actually  ran  50  days  and  then  was  terminated. 


•• 

No.  of  Days 

to.  failure 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 
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APPENDIX  I 


WELDALITE  049“  RX815  PLATE  (2095-T8) 
(0.5"  X  24"  X  48") 


INTRODUCTION 

The  Reynold's  2095-T8  0.5-inch  plates  were  received  the  first  quarter  of  1991. 

The  2095  was  received  in  the  T8  condition. 

TESTING 

Basic  mechanical  properties  (tension,  compression,  bearing,  etc)  were  tested  according  to 
ASTM  standards,  unless  otherwise  specified.  General  Dynamics  generated  hardness  and 
conductivity  data.  Constant  amplitude  fatigue  crack  growth  tests  were  conducted  according  to 
ASTM  E647  standard.  Northrop  Corporation  performed  constant  amplitude  fatigue  crack  growth 
test  using  K  controlled  methods.  A  T-38  LIF  (lead-in-fighter)  spectrum  test  was  performed  by 
Northrop  Corporation.  The  spectrum  specimen  was  not  precracked  but  contained  a  countersunk 
hole  to  simulate  a  crack  initiating  from  a  fastener  hole.  The  Army  evaluated  the  ballistic 
performance  of  the  material.  The  Army  and  Northrop  Corporation  have  corrosion  tests  in  progress. 
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TABLE  XI 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  REYNOLDS 
2095-T8  PLATE  (0.5-  X  24*  X  48") 


COMPANY  TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

SLONG 

(*) 

RA 

(%) 

E 

(MSI) 

MCDONNELL 

RT 

LONG 

89.7 

85.7 

12.0 

23.7 

10.9 

DOUGLAS,  MO 

88.4 

84.3 

12.0 

19.7 

10.8 

86.8 

81.1 

12.0 

26.4 

11.4 

SUNDSTRAND 

RT 

LONG 

89.4 

83.4 

13.1 

19.2 

89.4 

81.2 

12.8 

20.1 

89.9 

83.7 

13.0 

19.3 

ARMY-MTL 

RT 

LONG 

88.6 

81.9 

12.9 

10.8 

88.2 

81.3 

11.7 

10.9 

87.7 

80.4 

12.9 

10.4 

GENERAL 

RT 

LONG 

88.1 

82.5 

10.7 

17.1 

11.0 

DYNAMICS 

89.2 

84.9 

11.0 

21.3 

11.0 

89.1 

84.6 

10.0 

17.6 

11.2 

NASA-LANGLEY 

RT 

LONG 

88.0 

81.2 

12.3 

11.2 

84.9 

75.6 

9.6 

11.3 

85.0 

77.2 

9.6 

11.3 

NORTHROP 

RT 

LONG 

89.7 

83.6 

13.9 

11.5 

88.1 

80.6 

13.0 

11.1 

89.0 

81.8 

13.6 

11.0 

AIR  FORCE ( * ) 

RT 

LONG 

89.4 

83.1 

7.4 

27.0 

MCDONNELL 

RT 

LONG 

84.0 

77.9 

12.0 

DOUGLAS,  CA 

82.5 

76.0 

13.0 

82.7 

77.1 

10.0 

AVERAGE 

87.6 

81.3 

11.7 

21.1 

11.1 

STANDARD  DEVIATION 

2.3 

2.9 

1.6 

3.5 

0.3 

(*)s  TEST  SECTION  DIAMETER  -  0.16" 
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TABU  12 


TXHSZU  RESULTS  AT  t/2  LOCATION  TOR  REYNOLDS 
2095-T8  PLATE  (0.5”  X  24”  X  48”) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(%) 

E 

(MSI) 

MCDONNELL 

RT 

L  TRANS 

87.0 

80.8 

11.0 

23.8 

11.1 

DOUGLAS,  MO 

87.0 

81.1 

11.0 

26.8 

10.8 

86.8 

80.8 

11.0 

28.4 

10.9 

SUNDSTRAND 

RT 

L  TRANS 

86.3 

79.0 

12.0 

25.1 

85.8 

78.3 

12.7 

25.7 

86.2 

79.2 

13.4 

27.3 

ARMY-MTL 

RT 

L  TRANS 

84.7 

75.4 

14.1 

10.8 

85.6 

76.8 

13.6 

10.2 

84.9 

75.7 

15.0 

10.7 

GENERAL 

RT 

L  TRANS 

84.0 

75.6 

11.4 

21.9 

11.0 

DYNAMICS 

86.1 

79.1 

11.0 

22.1 

10.7 

83.8 

75.4 

11.0 

29.7 

10.8 

NASA-LANGLEY 

RT 

L  TRANS 

84.8 

76.4 

13.1 

11.3 

87.2 

80.1 

9.1 

11.1 

87.3 

80.3 

14.5 

11.2 

NORTHROP 

RT 

L  TRANS 

85.7 

75.9 

14.7 

11.6 

87.0 

78.5 

14.6 

11.6 

85.2 

75.3 

15.5 

11.1 

AIR  FORCE ( * ) 

RT 

L  TRANS 

88.9 

82.4 

8.8 

31.0 

MCDONNELL 

RT 

L  TRANS 

81.2 

71.7 

14.5 

DOUGLAS,  CA 

80.5 

71.0 

14.5 

81.8 

73.0 

14.0 

AVERAGE 

85.4 

77.4 

12.8 

23.0 

11.0 

STANDARD  DEVIATION 

2.1 

3.1 

1.9 

6.8 

0.4 

(*)t  TEST  SECTION  DIAMETER  *  0.16" 
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TABU  X3 


TENS ILK  RESULTS  AT  t/2  LOCATION  FOR  REYNOLDS 
2095-T8  PLATS  (0.5"  X  24"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<*> 

RA 

<%) 

MCDONNELL 

RT 

45 

77.0 

70.6 

14.0 

36.6 

DOUGLAS 

77.2 

70.1 

16.0 

39.1 

76.3 

69.2 

17.0 

39.3 

AIR  FORCE (* 

)  RT 

45 

75.5 

69.0 

8.9 

41.7 

AVERAGE 

76.5 

69.7 

14.0 

39.2 

STANDARD  DEVIATION 

0.8 

0.8 

3.6 

2.1 

(*) j  TEST  SECTION  DIAMETER  •  0.16" 

TABU  X4 

TENSILE  RESULTS  AT  t/2  LOCATION  POR  REYNOLDS 
2095-T8  PLATE  (0.5-  X  wi"  X  48") 


COMPANY 


AIR  FORCE 


TEST  ORIENT-  ULTIMATE  YIELD 

TEMP  ATION  STRENGTH  STRENGTH 

(DEGREES  P)  (KSI)  (KSI) 

ELONG 

(%> 

RA 

(*) 

-321(*) 

LONG 

108.0 

97.5 

22.0 

L 

TRANS 

104.0 

93.8 

9.6 

26,0 

-150 

45 

95.4 

89.9 

12.6 

25.0 

-100(*) 

LONG 

92.3 

86.2 

8.8 

27.0 

45 

78.7 

71.5 

11.4 

21.6 

L 

TRANS 

91.9 

85.0 

8.0 

26.0 

-40 

45 

90.2 

83.1 

12.3 

25.3 

0 

45 

89.2 

82.2 

11.1 

22.6 

150 

45 

87.5 

82.9 

11.4 

29.2 

88.7 

84.8 

11.9 

27.7 

200 

45 

78.9 

78.1 

16.4 

47.3 

79.7 

78.6 

17.2 

47.6 

(*):  TEST  SECTION  DIAMETER  ■  0.16" 


B 

(MSI) 


11.4 

10.9 

10.8 

9.9 


10.8 

0.6 


E 

(MSI) 


12.0 

11.7 

11.0 

11.0 

11.5 


10.1 

10.0 

11.4 

11.4 

10.7 

11.5 
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TABLE  ZS 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  REYNOLDS 
209S-T8  PLATE  (0.5”  X  24"  X  48”) 

(1000  HR  EXPOSURE  •  350P) 


COMPANY 

TEST 

TEMP 

(DEGRESS 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

SLONG 

<%> 

RA 

(%> 

E 

(MSI) 

AIR  FORCE 

RT 

45 

70.4 

58.3 

8.1 

22.9 

11.2 

70.1 

58.0 

8.2 

23.8 

11.3 

AVERAGE 

70.3 

58.1 

8.2 

23.3 

11.2 

STANDARD 

DEVIATION 

0.2 

0.2 

0.1 

0.6 

0.1 
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TABU  X6 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  REYNOLDS 


209S-T8 

PLATE  (0.5"  X  24" 

X  48") 

COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  P) 

<KSI) 

(MSI) 

MCDONNELL 

RT 

LONG 

73.8 

11.1 

DOUGLAS,  MO 

75.3 

10.9 

76.1 

11.1 

SUNDSTRAND 

RT 

LONG 

73.1 

12.0 

73.3 

11.8 

73.8 

11.7 

GENERAL 

RT 

LONG 

77.0 

11.3 

DYNAMICS 

79.0 

11.6 

80.0 

11.4 

NASA-LANGUY 

RT 

LONG 

62.3 

11.4 

NORTHROP 

RT 

LONG 

70.9 

12.2 

72.2 

12.1 

76.7 

11.9 

MCDONNELL 

RT 

LONG 

68.1 

11.0 

DOUGLAS,  CA 

69.1 

11.5 

69.6 

11.7 

AVERAGE 

73.1 

11.6 

STANDARD  DEVIATION 

4.5 

0.4 
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TABLE  17 


COMPRESSION  RESULTS  AT  t/2  LOCATION  TOR  REYNOLDS 
2095-T8  PLATE  (0.5-  X  24-  X  46") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  P) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(MSI) 

MCDONNELL 

RT 

L  TRANS 

79.5 

11.8 

DOUGLAS,  MO 

78.5 

11.8 

79.1 

11.6 

SUNDSTRAND 

RT 

L  TRANS 

79.4 

11.6 

79.0 

11.5 

77.6 

12.7 

GENERAL 

RT 

L  TRANS 

79.2 

11.4 

DYNAMICS 

80.6 

11.6 

80.4 

12.0 

NASA-LANGLEY 

RT 

L  TRANS 

75.1 

11.4 

77.0 

11.5 

76.0 

11.4 

NORTHROP 

RT 

L  TRANS 

79.4 

11.9 

75.9 

12.1 

73.5 

12.2 

MCDONNELL 

RT 

L  TRANS 

72.9 

14.0 

DOUGLAS,  CA 

72.3 

13.5 

73.2 

13.8 

AVERAGE 

77.1 

12.1 

STANDARD  DEVIATION 

2.8 

0.8 
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TABLE  18 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  REYNOLDS 
2095-T8  PLATE  (O.S“  X  24"  X  48") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(MSI) 

MCDONNELL 

RT 

45 

70.5 

11.1 

DOUGLAS 

70.3 

11.0 

72.2 

10.9 

AVERAGE 

71.0 

11.0 

STANDARD 

DEVIATION 

1.0 

0.1 

TABLE  19 

COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  REYNOLDS 
2095-T8  PLATE  (0.5"  X  24"  X  48") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 

TEMPERATURE  ULT  STRENGTH  MODULUS 

(DEGREES  F)  (KSI)  (MSI) 


ARMY-MTL  RT  LONG 


111.2 

107.2 

110.7 


AVERAGE  109.7 

STANDARD  DEVIATION  2 . 2 

ARMY-MTL  RT  L  TRANS  115.4 

119.0 

114.7 

AVERAGE  116.4 

STANDARD  DEVIATION  2 . 3 
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table  no 

PIN  SBM  RESULTS  FOR  UTIOCDI 
2095-T8  PLATE  <0.5"  Z  24”  Z  *8”) 


COMPANY  ORIENTATION  SHEAR 

STRSN8TH 

(ESI) 


ARMY-KTL  LONG  49.5 

48.8 

49.7 

NORTHROP  LONG  45.7 

46.6 

46.0 

AVERAGE  47.7 

STANDARD  DEVIATION  1.8 


TABLE  Ill 

RIVET  SHEAR  RESULTS  FOR  REYNOLDS 
2095-T8  PLATE  (0.5”  Z  24"  Z  48") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


ARMY-MTL  L  TRANS  49.0 

48.5 

47.7 

AVERAGE  48.4 

STANDARD  DEVIATION  0.7 
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TAILS  112 


COMPANY 


SONDSTRAND 


SONDSTRAND 


TORSIONAL  SHEAR  RESULTS  FOR  REYNOLDS 
2095-T8  PLATS  (0.5*  X  24"  X  48") 


ORIENTATION 


(XSX) 


LONG 

AVSRAGX 
STANDARD  DEVIATION 

L  TRANS 

AVERAGE 
STANDARD  DEVIATION 


47.1 

46.4 

45.1 

46.2 

1.0 

45.4 
45.1 

46.8 

45.8 

0.9 
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AMSLXR  OOOBLS  SHEAR  RESULTS  FOR  REYNOLDS 
209S-T8  PLAYS  (0.5-  X  24-  X  48") 


COMPANY  ORXIMTATZOM  SNEAK 

STRENGTH 

(ESI) 


NASA-LANGLBY  L-8  44.4 

46.3 

47.7 

AVERAGE  46.1 

STANDARD  DEVIATION  1.7 

NASA-LANGLEY  T-S  47.5 

45.6 

45.0 

AVERAGE  46.0 

STANDARD  DEVIATION  1.3 


TABU  114 


BEARING  RESULTS  FOR  REYNOLDS 
2095-T8  PUTS  (0.5"  X  24"  X  48") 


COMPANY  ORIENTATION 

MCDONNELL  LONG 

DOUGLAS,  MO 

NASA- LANGLEY  LONG 

MCDONNELL  LONG 

DOUGLAS,  CA 

STANDARD 


•/D  BEARING  BEARING 


ULT.  STR. 
(KSI ) 

YIELD  STR. 
(KSI) 

1.5 

128.0 

106.0 

119.0 

100.0 

122.0 

103.0 

1.5 

123.1 

99.2 

119.4 

98.4 

120.6 

100.3 

1.5 

120.2 

102.1 

121.1 

101.9 

121.1 

101.5 

AVERAGE 

121.6 

101.4 

DEVIATION 

2.7 

2.3 

TABLE  115 

BEARING  RESULTS  FOR  REYNOLDS 
2095-T8  PLATE  (0.5"  X  24"  X  48") 


COMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

MCDONNELL 

45  1.5 

128.0 

106.0 

DOUGLAS,  MO 

131.0 

110.0 

135.0 

111.0 

AVERAGE 

131.3 

109.0 

STANDARD  DEVIATION 

3.5 

2.6 
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TABLK  116 


COMPANY 

MCDONNELL 
DOUG LAB,  MO 

NASA-LANGLEY 

MCDONNELL 
DOUGLAS,  CA 


BEARING  RESULTS  FOR  REYNOLDS 
2095-T8  PLATE  (0.5"  X  24"  X  48") 


ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS 

1.5 

125.0 

106.0 

129.0 

105.0 

131.0 

107.0 

L  TRANS 

1.5 

122.2 

98.4 

124.2 

101.6 

124.7 

99.4 

L  TRANS 

1.5 

121.7 

100.4 

121.7 

98.3 

120.5 

97.3 

AVERAGE 

124.4 

101.5 

STANDARD 

DEVIATION 

3.5 

3.6 
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TABLE  117 


COMPANY 

MCDONNELL 
DOUGLAS,  MO 

NASA-LANGLBY 

NORTHROP 

MCDONNELL 
DOUGLAS,  CA 


COMPANY 


MCDONNELL 
DOUGLAS,  MO 


BEARING  RESULTS  FOR  REYNOLDS 
2095-T8  PLATE  (0.5”  X  24”  X  48”) 


ORIENTATION  «/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

LONG  2.0 

164.0 

128.0 

159.0 

131.0 

158.0 

130.0 

LONG  2.0 

114.5 

148.0 

111.0 

146.7 

112.3 

LONG  2.0 

156.4 

116.5 

154.3 

114.3 

153.6 

113.7 

LONG  2.0 

157.5 

119.6 

156.5 

124.1 

157.4 

120.2 

AVERAGE 

155.6 

119.6 

STANDARD  DEVIATION 

4.9 

7.1 

TABLE  118 

BEARING  RESULTS  FOR  REYNOLDS 
2095-T8  PLATE  (0.5”  X  24"  X  48") 


ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

45 

2.0 

172.0 

141.0 

166.0 

136.0 

169.0 

138.0 

AVERAGE 

169.0 

138.3 

STANDARD 

DEVIATION 

3.0 

2.5 
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TABLE  Z19 


BEARING  RESULTS  FOR  REYNOLDS 


2095-T8  PLATE 

(0.5"  X  24" 

X  48") 

COMPANY 

ORIENTATION 

•/D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(KSI) 

(KSI) 

MCDONNELL 

L  TRANS 

2.0 

163.0 

132.0 

DOUGLAS,  MO 

160.0 

137.0 

166.0 

137.0 

NASA-LANCLSY 

L  TRANS 

2.0 

154.5 

116.4 

116.6 

154.5 

116.1 

NORTHROP 

L  TRANS 

2.0 

158.7 

121.1 

160.4 

120.6 

160.2 

128.5 

MCDONNELL 

L  TRANS 

2.0 

155.4 

122.1 

DOUGLAS,  CA 

158.9 

124.6 

156.8 

122.9 

AVERAGE 

158.9 

124.6 

STANDARD 

DEVIATION 

3.6 

7.5 

285 


TABLE  Z20 


FRACTURE  TOUGHKK8S  RESULTS  FOR  RETMOLDS 
2095-T8  PLATE  (0.5-  X  24-  X  48-) 


COMPANY 

ORIENTATION 

KZC 

(KSI  In' 0.5)  (KSI 

in'0.5) 

COMMENT 

MCDONNELL 

L-T 

26.3 

(1) 

DOUGLAS 

22.8 

(2) 

SUNDSTRAND 

L-T 

30.2 

30.0 

ARMY-MTL 

L-T 

26.8 

37.3 

(2), (3) 

33.3 

(2) 

36.4 

(2), (3) 

33.7 

(2) 

GENERAL 

L-T 

33.5 

(2) 

DYNAMICS 

30.7 

(2) 

30.1 

(2) 

NASA-LANGLSY 

L-T 

27.0 

25.3 

(2) 

NORTHROP 

L-T 

37.7 

(3) 

40.4 

(3) 

43.3 

(3) 

AVERAGE  28.5  33.1 

STANDARD  DEVIATION  1.8  6.0 

(1)  t  INVALID  DUE  TO  SURFACE  CRACX  LENGTH  MEASUREMENTS 

EXCEEDED  10%  OF  AVERAGE  CRACK  LENGTH 

(2)  t  INVALID  DUX  TO  Pmax/Pq  >  1.10 

(3)  t  INVALID  DUX  TO  a  A  B  >  2.5(Xq/YS)**2 
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TABLE  Z21 


FRACTURE  TOUGHNESS  RESULTS  FOR  REYNOLDS 
2095-T8  PLATE  (0.5*  X  24"  X  48") 


COMPANY 

ORIENTATION 

KIC 

Xq 

COMMENT 

(KSI  in *0.5) 

(KSI  in-0.5) 

MCDONNELL 

DOUGLAS 

T-L 

29.6 

25.8 

(1) 

SUNDSTRAND 

T-L 

29.1 

29.0 

ARMY-MTL 

T-L 

40.2 

(2), (3) 

35.6 

(^1 

35.0 

(2), (3) 

35.9 

(2), (3) 

36.9 

(2), (3) 

35.5 

(3) 

GENERAL 

DYNAMICS 

T-L 

31.4 

29.4 

(2) 

29.2 

(2) 

NASA-LANGLEY 

T-L 

24.4 

NORTHROP 

T-L 

38.7 

(3) 

38.3 

(3) 

37.9 

(3) 

AVERAGE 

28.7 

34.9 

STANDARD  DEVIATION 

2.6 

4.4 

(D* 

INVALID  DUE 
EXCEEDED  10% 

(2): 

INVALID 

DUB 

(3)i 

INVALID 

DUE 
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TABLX  122 


FRACTURE  TOUGHNESS  RESULTS  FOR  REYNOLDS 
209S-T8  PLATE  (0.5-  X  24*  X  4t-) 


COMPANY  ORIENTATION  KIC  Xq  COMMENT 

(X8Z  in *0.5)  (K8I  in-0.5) 


MCDONNELL  45  25.4  (1) 

DOUGLAS  23.6 


(1) :  INVALID  DOE  TO  SURFACE  CRACK  LENGTH  MEASUREMENTS 

EXCEEDED  10%  OF  AVERAGE  CRACK  LENGTH 
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TABLE  123 


Hardness  &  Conductivity  Results  for  2095-T8 
0.3  Inch  Plate.  General  Dynamics,  CA 


Alloy/Product  Form 

Hardness 
(Rb  Scale) 

(Conductivity 
(%  IACS) 

Weldalite  2095-T8 

0.30  Inch  Plate 

See  Figure 

22  W 

17  0>) 

(a)  as  received  mill  surface 

(b)  machined  surface 


Figure  11.  Hardness  profile  through  2095-T8 

0.3  Inch  Plate.  General  Dynamics,  CA. 
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Armor  Demand  (Ib/ft  2 /in) 

Both  8090  extrusions  (Ex)  tad  Weidtiile  pities  (P)  provided  eahtsced  ballistic 
performance  over  2319  and  3083  Al  alloys.  The  Vw  ballistic  limits  against  AP  and  FSP 
projectiles  at  0*  obliquity  are  plotted  versus  Armor  demand.  The  Armor 

demand  is  defined  as  the  (density  x  thickness)  /  projectile  diameter.  The  ballistic  data 

for  different  caliber  projectiles  superimpose  on  single  curves  for  either  AP  or  FSP 

projectiles  when  plotted  against  armor  demand.  This  technique  allows  designers  to 

evaluate  ballistic  performance  as  a  function  of  projectile  type  rather  than  for  individual 
munitions.  The  AP  and  FSP  projectile  diameters  are  included  as  insens  in  the  plot. 

Ballistic  data  for  2319  and  3083  are  included  as  the  high  and  low  ends  of  aluminum  alloys 
currently  being  considered  for  structural  armor  applications  The  lower  set  of  8090 

and  Weldalite  data  points  for  both  AP  and  FSP  projectiles  represent  0.3  inch  ballistic 
targets.  The  second  series  of  data  points  for  each  projectile  type  represent  stacked 
plates  to  provide  1.0  inch  thickness.  The  ballistic  limits  of  both  AL*Li  alloys  are 
attributed  to  the  witness  plate  being  perforated  by  spalling  rather  than  by  the  projectile 
exiting  the  target. 


Figure  12.  Ballistic  limit  (V50)  verses  Armor  Demand  at  0°  obliquity  against 

Armor  Piercing  (AP)  and  Fragment  Simulating  Projectiles  (FSP).  Army. 
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:  8  — 1 — i~li 

Bmvnokh  2095-78  Ptcd* 


Long.  Kt»l 
Long.  Kt-3 
L  Trans.  Kt-3 


1E+3  1E+4  1E+5  1E+6  1E+7 

Cycles  to  Failure,  Nf 


Figure  13. 


°'5  InCh  <« -t. K. -1 .0 and K. 
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TABLE  Z24 


FATIGUE  RESULTS  WITH  R— 1.0  MID  Rt-1.0  FOR 
REYNOLDS  2095-T8  PLATE  <0.5*  X  24*  X  48*) 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

SUNDSTRAMD 

LONG 

65.0 

7,500 

50.0 

34,950 

40.0 

73,820 

35.0 

338,910 

30.0 

1,240,950 

29.0 

8,461,080 

28.0 

3,489,830 

26.0 

10,000,000  * 

(*):  RUN  OUT 


TABLE  Z2S 

FATIGUE  RESULTS  WITH  R— 1.0  AND  Kt-3.0  FOR 
REYNOLDS  2095-T8  PLATE  (0.5*  X  24*  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

SUNDSTRAND 

LONG 

25.0 

16,300 

20.0 

29,460 

17.5 

102,580 

15.0 

133,920 

12.0 

253,810 

11.0 

11,796,000  * 

10.0 

11,913,000  * 

9.0 

10,000,000  * 

<*):  RUN  OUT 
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TABLE  X26 


FATIGUE  RESULTS  WITH  R— 1.0  AMO  Kt-3.0  FOR 
REYNOLDS  2095-T8  PLATE  (0.5"  X  24"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

<KSI) 

CYCLES 

SUMDSTRAND 

L  TRANS 

30.0 

8,620 

25.0 

19,690 

20.0 

90,000 

17.0 

254,530 

15.0 

1,024,210 

14.0 

943,790 

12.0 

2,110,280 

10.5 

1,715,500 

293 


1E+4  1E+5  IE+6  1E+7 

Cycles  to  Failure,  Nf 


Figure  14.  Fatigue  Results  for  2095-T8  0.5  Inch  Plate  (R -0. 1  and Kt - 1 .0) 
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TABLE  127 


COMPANY 


ARMY-MTL 


NORTHROP 


MCDONNELL 
DOUGLAS ,  CA 


MCDONNELL 
DOUGLAS,  CA 


(*):  RUN-OUT 


FATXGUB  RESULTS  WITH  R-0.1  AND  Kt-1.0  FOR 
REYNOLDS  2095-T8  PLATE  (0.5"  X  24"  X  48") 


ORIENTATION 


LONG 


LONG 


LONG 


L  TRANS 


STRESS 

(KSI) 

CYCLES 

60.0 

54,220 

60.0 

67,580 

55.0 

191,520 

50.0 

1,205,760 

46.0 

290,042 

46.0 

10,026,880 

* 

43.0 

754,000 

40.0 

10,010,000 

* 

70.0 

39,420 

60.0 

70,550 

55.0 

87,944 

50.0 

247,950 

45.0 

623,760 

40.0 

511,870 

40.0 

3,000,000 

• 

40.0 

2,135,840 

55.0 

106,010 

55.0 

120,950 

50.0 

149,620 

50.0 

122,970 

45.0 

398,910 

45.0 

398,300 

40.0 

1,000,000 

* 

40.0 

1,000,000 

* 

60.0 

34,170 

55.0 

53,870 

55.0 

69,800 

50.0 

101,060 

50.0 

80,470 

48.0 

153,080 

48.0 

229,570 

45.0 

1,000,000 

* 

45.0 

1,000,000 

* 
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Figure  J5.  Fatigue  Results  for  2095-T8  0.5  Inch  Plate  (R  *  0.1  and  Kt  =  3) 
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TABLE  Z28 


FATIGUE  RESULTS  WITH  R-O.l  AND  Kt-3.0  FOR 
REYNOLDS  2095-T8  PLATE  {0.5"  X  24"  X  48") 


COMPANY  ORIENTATION 


GENERAL  DYNAMICS  LONG 


NORTHROP  LONG 


MCDONNELL  LONG 

DOUGLAS,  CA 


MCDONNELL  L  TRANS 

DOUGLAS,  CA 


STRESS 

(RSI) 

CYCLES 

25.0 

38,200 

15.0 

120,600 

12.5 

155,500 

12.0 

281,900 

11.5 

417,100 

11.3 

10,240,300 

* 

11.0 

10,000,000 

* 

10.0 

32,313,000 

* 

40.0 

27,530 

35.0 

84,820 

30.0 

220,840 

25.0 

20,830 

25.0 

605,470 

25.0 

1,535,480 

22.5 

3,000,000 

* 

20.0 

3,000,000 

* 

25.0 

28,540 

25.0 

25,320 

20.0 

78,410 

20.0 

69,950 

15.0 

1,000,000 

* 

15.0 

1,000,000 

* 

10.0 

1,000,000 

* 

10.0 

1,000,000 

• 

40.0 

6,331 

25.0 

28,860 

25.0 

32,940 

20.0 

60,520 

20.0 

91,030 

15.0 

348,180 

15.0 

271,490 

10.0 

1,000,000 

* 

10.0 

1,000,000 

* 

(*) :  RUN-OUT 
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Spec  imen :  U45- 1 

Temp:  70°F 

Orientation:  LT-LT 
Specimen  Type:  CT 

0 

0 

•jv 
0  <v* 

0 

«<fstfa 

0°  <fc 

R=  0.1 

Freq . =  20  hz . 

1  - 1 - 1 - 1 - 1 - 1 — I — I — I - 1 

2  3  456789  2 


DELTA  K  ( k  s  i-  in  .5) 


Figure  16.  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Plate 
(LT-LT  orientation.  Specimen  W45-1).  Air  Force. 


da/dN  (in/cyc) 


-3 


FATIGUE  CRACK  GROWTH  RATES 


-4 


-7 


-8 


do/dN-CAKn 


c- 

9.535E 

-10 

n- 

3.818 

SPEC  R  or  K 

KCRA0 

TEMP 

0  F2GL1A 

0.10 

-4.00 

80.0 

0  F2GL1B 

0.10 

250 

80.0 

□  F2GL2 

0.10 

2.50 

78.0 

0  F2GT1A 

0.10 

-4.00 

77.0 

0  F7CT1B 

0.10 

2.50 

77.0 

*  F2CT2 

0.10 

2.50 

77.0 

AK  (ksK/in) 


J - 1 _ l— L 


-I— L 


jL  L-U 


10 


100 


Figure  18.  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Thick  Plate 
(L-T  and  T-L  orientations).  Northrop. 


FATIGUE  CRACK  GROWTH  RATES 


X 

X 

/ 


dc/dN«CAKn 
C-  9.078E— 10 
n-  3.586 


SPEC  R  or  K  KGRAD  TEMP 
O  FZGL1A  0.10  — +.00  80.0 

x  F2GL1B  0.10  2.50  80.0 


AK  (ksivfn) 


Figure  19  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Thick  Plate 
(L-T  orientation,  KGRAD  -  4.00  and  2.50).  Northrop. 
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Figure  110.  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Thick  Plate 
(L-T  orientation,  KGRAD  2.50).  Northrop. 


Figure  112.  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Thick  Plate 
(T-L  orientation,  KGRAD  2^0).  Northrop. 
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Figure  114.  T38  LIF  Spectrum  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Plate 
(Max  Stress  *  38  Ksi,  Haw  »  0.0S  inch).  Northop. 


T-38  LIF  Spectrum  Fatigue 


Figure  US.  T38  LIF  Spectrum  Fatigue  Crack  Growth  Rate  Data  for  2095-T8  0.5  Inch  Plate 
(Max  Stress  *  38  Ksi).  Northop. 


APPENDIX  J 


2091-T3  AND  2091-T8 
0.063  INCH  SHEET 


INTRODUCTION 

The  Alcoa  aluminum-lithium  alloy  2091-T3  0.063  inch  sheets  were  received  October 
1988.  The  2091-T3  0.063  inch  sheet  was  tested  as  received  by  the  Air  Force  and  Martin 
Marietta.  However,  Northrop  and  McDonnell  Aircraft  Company  heat  treated  the  alloy  to  a  T8 
condition. 


TESTING 

Mechanical  properties,  (tension,  compression,  bearing,  shear,  and  fracture  toughness) 
fatigue  and  constant  amplitude  fatigue  crack  growth  tests  were  tested  according  to  ASTM 
standards,  unless  otherwise  specified. 

Spectrum  tests  were  performed  by  the  Air  Force  using  FALSTAFF  (a  severe  fatigue 
environment)  and  Mini-TWIST  (a  moderatley  intense  fatigue  environment)  spectrums. 
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TABLE  J1 


COMPANY 


MARTIN 

MARIETTA, 

LOUISIANA 

AIR  FORCE 


COMPANY 


AIR  FORCE 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.063"  X  48"  X  48") 


TEST 

TEMP 

(DEGRESS 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%> 

RA 

(%> 

E 

(MSI) 

RT 

LONG 

62.5 

48.1 

19.0 

23.0 

10.8 

61.1 

47.0 

19.5 

23.0 

10.6 

61.7 

47.5 

21.0 

23.0 

10.1 

RT 

LONG 

60.8 

47.6 

22.4 

24.8 

60.7 

47.6 

25.1 

23.1 

60.4 

47.5 

22.9 

23.1 

AVERAGE 

61.2 

47.6 

21.7 

23.3 

10.5 

STANDARD 

l  DEVIATION 

0.8 

0.4 

1.0 

0.3 

0.4 

TABLE  J2 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.063"  X  48"  X  48”) 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(%> 

RT 

45 

60.6 

40.4 

23.4 

27.3 

60.6 

40.4 

22.9 

25.3 

60.8 

41.1 

21.8 

26.4 

AVERAGE 

60.7 

40.6 

22.7 

26.3 

STANDARD 

DEVIATION 

0.1 

0.4 

0.8 

1.0 

E 

(MSI) 
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TABLE  J3 


COMPANY 


AIR  FORCE 


COMPANY 


MARTIN 

MARIETTA, 

LOUISIANA 

AIR  FORCE 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.063"  X  48"  X  48”) 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(MI) 

SLONG 

(*> 

RA 

(%) 

RT 

60 

62.4 

41.9 

23.6 

24.5 

60.S 

39.7 

20.4 

25.1 

60.5 

22.1 

26.2 

AVERAGE 

61.1 

40.8 

22.0 

25.3 

STANDARD  DEVIATION 

1.1 

1.6 

1.6 

0.9 

B 

(MSI) 


TABLE  J4 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.063"  X  48"  X  48") 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

R) 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(RSI) 

ELONG 

<*) 

RA 

(%) 

E 

(MSI) 

RT 

L  TRANS 

65.0 

43.2 

11.0 

19.0 

10.4 

65.8 

44.5 

19.0 

19.0 

10.9 

65.5 

42.7 

17.0 

19.0 

8.9 

RT 

L  TRANS 

63.9 

42.7 

17.1 

20.7 

63.5 

42.1 

17.9 

21.4 

64.2 

43.7 

19.0 

21.2 

AVERAGE 

64.7 

43.2 

16.8 

20.1 

10.1 

STANDARD 

DEVIATION 

0.9 

0.9 

3.0 

1.2 

1.0 
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R-CURVE  FOR  2091-73,  .063  inch  SHEET 


Figure  Jl.  R-Curve  Results  for  2091-T3  0.063  inch  Sheet 
(L-T  Orientation). 

Martin  Marietta. 


R-CURVE  FOR  2091-73,  .063  inch  SHEET 
(transverse) 


3.5 


T 


4.0  4.5  5.0  5.5  6.0 

CRACK  LENGTH,  inches 


6.5 


7.0 


Figure  J2.  R-Curve  Results  for  209I-T3  0.063  inch  Sheet 
(T-L  Orientation). 

Martin  Marietta. 
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R-CURVE  FOR  2091 .  .063  inch  Sheet 
(longitudinal) 

(effective  crack  length  adjusted  for  plastic  zone) 


EFFECTIVE  CRACK  LENGTH.  Ae  (Ae-Ao+Ap+rho)  in  inches 


Figure  J3.  R-Curve  Results  for  2091-T3  0.063  Inch  Sheet, 
with  Effective  Crack  Length  Adjusted  for 
Plastic  Zone  (L-T  Orientation). 

Martin  Marietta. 
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Kr.ksfVfnch 
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R-CURVE  FOR  2091-13,  .063  inch  SHEET 
(transverse) 

( effective  crack  length  actuated  for  plastic  zone) 


EFFECTIVE  CRACK  LENGTH,  Ae  (Ae-Ao+Ap+rho)  in  inches 

Figure  J4.  R-Curve  Results  for  2091-T3  0.063  Inch  Sheet, 
with  Effective  Crack  Length  Adjusted  for 
Plastic  Zone.  (T-L  Orientation). 

Martin  Marietta. 
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TABLE  J5 

R-Curve  Data  Associated  with  Figures  J1  and  J3 


DATA  FOR  SPECIMEN  NO.  1 
2091 -T3  LONGITUDINAL  SHEET 


Load,  kips 

Hal  Crack 

Length 
(a),  inch 

Hal 

Crack  Length 
(a  +  fho), 
inch 

Corresponding  Fracture 

Not  Adjusted  Adjusted 

for  Plasticity 

0 

3.835 

3.835 

0.0 

0.0 

3.0 

3.835 

3.838 

7.4 

6.9 

8.1 

3.835 

3.851 

15.0 

15.1 

10.1 

3.835 

3.879 

24%9 

25.1 

13.8 

3.870 

3.955 

34.2 

34.6 

17.4 

3.890 

4.027 

43.3 

44.1 

20.8 

3.895 

4.095 

51.8 

53.2 

23.1 

3.900 

4.150 

57.5 

59.5 

28.7 

3.900 

4.241 

66.5 

69.6 

30.9 

3.925 

4.416 

77.3 

83.5 

34.9 

3.950 

4.613 

87.7 

97.0 

37.7 

3.995 

4.813 

95.5 

107.7 

38.3 

4.015 

4.873 

97.3 

110.3 

40.4 

4.080 

5.118 

103.7 

121.3 

42.5 

4.180 

5.437 

110.9 

133.5 

43.4 

4.255 

5.687 

114.6 

141.5 

44.3 

4.330 

5.902 

118.4 

149.3 

44.3 

4.375 

5.985 

118.4 

151.1 

44.7 

4.490 

6.293 

122.4 

159.9 

44.8 

4.515 

6.362 

122.4 

161.8 

44.8 

4.525 

6.384 

122.4 

162.3 

45.2 

4.800 

6.681 

125.9 

170.9 

44.9 

4.710 

6.908 

127.2 

176.5 

44.7 

4.765 

7.013 

127.2 

178.5 

44.3 

4.810 

7.034 

127.2 

177.5 

44.3 

4.830 

7.120 

127.2 

180.2 

43.8 

4.900 

7.186 

127.2 

180.0 

43.6 

4.960 

7.320 

128.3 

182.9 

42.1 

5.140 

7.376 

127.3 

178.0 

41.8 

5.190 

7.473 

127.3 

179.9 

41.7 

5.240 

7.646 

127.3 

184.7 

41.4 

5.325 

128.7 

40.9 

5.385 

128.7 

39.2 

5.650 

128.7 

35.6 

6.040 

123.2 

Thickness  ■  .063  inches 
Yield  Strength  -  47.5  ksi 
Specimen  Width  ■  23.88  inches 
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TABLE  J6 

R-Curve  Data  Associated  with  Figures  J1  and  J3 


DATA  FOR  SPECIMEN  NO.  2 
2091 -T3  LONGITUDINAL  SHEET 


Hi 

Half 

Crack  Length 
(a  +  rho), 
inch 

"iff  '"WM 

3.835 

0.0 

0.0 

3.835 

3.847 

14.1 

13.2 

ipfl  I 

3.875 

3.921 

25:3 

25.5 

3.875 

3.978 

37.8 

38.3 

20.1 

3.875 

4.060 

49.9 

51.2 

25.2 

3.885 

4.185 

62.7 

65.2 

30.1 

3.920 

4.382 

75.3 

80.9 

35.1 

3.955 

4.630 

88.3 

97.8 

38.7 

4.020 

4.921 

98.4 

113.0 

41.0 

4.085 

5.172 

105.4 

124.1 

43.3 

4.160 

5.501 

112.7 

137.9 

44.9 

4.245 

5.825 

118.4 

149.7 

45.5 

4.305 

6.042 

121.1 

156.9 

46.0 

4.355 

6.225 

123.4 

162.8 

46.5 

4.495 

6.723 

127.5 

177.7 

46.5 

4.560 

6.951 

128.8 

184.1 

46.5 

4.S35 

7.376 

130.3 

197.1 

46.0 

4.730 

130.3 

45.3 

4.885 

131.9 

44.9 

4.940 

131.9 

44.2 

5.045 

131.9 

43.4 

5.175 

131.9 

42.3 

5.325 

131.9 

42.5 

5.350 

131.9 

41.6 

5.470 

131.9 

40.4 

5.610 

131.9 

39.3 

■KXSISi 

131.9 

Thickness  ■  .063  inches 
Yield  Strength  -  47.5  ksi 
Specimen  Width  ■  23.87  inches 
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TABLE  J7 

R-Curve  Dace  Associated  vlth  Figures  J2  end  J4 


DATA  FOR  SPECIMEN  NO.  3 
2091-T3  TRANSVERSE  SHEET 


■d.Mps 

He!  Creek 

Length 
(a),  inch 

Hdi 

Crack  Length 
(a+iho), 
inch 

0 

3.875 

3.875 

5.1 

3.875 

3.887 

10.3 

3.875 

3.931 

15.0 

3.880 

4.001 

20.2 

3.880 

4.105 

24.6 

3.880 

4.230 

30.1 

3.925 

4.494 

31.9 

4.000 

4.673 

34.0 

4.055 

4.661 

35.8 

4.070 

5.015 

37.7 

4.105 

5.214 

38.1 

4.135 

5.293 

38.0 

4.145 

5.354 

39.0 

4.175 

5.439 

39.6 

4.200 

5.884 

39.9 

4.290 

5.748 

40.0 

4.360 

5.883 

40.4 

4.500 

6.226 

40.4 

4.555 

6.338 

40.4 

4.640 

6.519 

40.2 

4.710 

6.660 

40.2 

4.790 

6.856 

40.1 

4.830 

6.934 

39.8 

4.910 

7.099 

39.8 

4.975 

7.318 

39.2 

5.140 

38.5 

5.315 

37.7 

5.485 

37.5 

5.625 

36.5 

5.610 

Conespondng  Fracture 
ltd  ■Andl 

Not  Adjusted  Adjusted 


0.0 

12.7 
25.0 

37.3 
5012 
61.0 

75.4 
00.9 
07.0 
91.0 

97.2 

90.7 

100.2 

101.7 

105.2 

105.2 

107.4 
110.9 
110.9 

113.3 

113.3 

115.4 

115.4 

115.4 

117.5 

110.6 
110.6 
120.1 
122.0 
122.0 


0.0 

11.0 

25.0 

37.9 
51.0 
04.5 
62.3 
69.5 

97.9 
100.0 
114.0 

117.4 
119.9 
122.6 

130.1 
131.7 

134.6 

143.2 

145.6 

149.5 

152.3 

150.7 

156.2 

161.3 

107.4 


Thickness  •  .063  inches 
Yield  Strength  -  43.5  ksi 
Specimen  Width  -  23.87  inches 


TABLE  J8 

R-CURVE  DATA  ASSOCIATED  WITH  FIGURES  J2  AND  J4 


DATA  FOR  SPECIMEN  NO.  4 
2091 -T3  TRANSVERSE  SHEET 


Load,  kips 

Hal  Crack 

Length 
(a),  inch 

Hal 

Crack  Length 
(a+iho). 
inch 

Corresponding  F 

ToughMaaJfll 
Not  Adjusted 

racture 

Vlnch 

Adjusted 
tor  Ptastkatv 

0.0 

3.845 

3.845 

0.0 

0.0 

5.1 

3.845 

3.857 

12.6 

11.8 

10.4 

3.845 

3.901 

25.7 

25.9 

15.3 

3.880 

4.006 

38.0 

38.7 

20.0 

3.895 

4.116 

49.6 

51.3 

25.1 

3.895 

4.256 

62.5 

65.5 

30.1 

3.915 

4.481 

75.2 

82.1 

33.7 

3.985 

4.751 

85.2 

95.5 

36.2 

4.105 

5.092 

93.3 

108.4 

37.4 

4.145 

5.246 

97.0 

114.4 

38.1 

4.245 

5.459 

100.4 

120.1 

38.8 

4.350 

5.717 

104.0 

127.5 

39.2 

4.430 

5.900 

106.4 

132.2 

39.4 

4.565 

6.170 

109.2 

138.1 

39.4 

4.625 

6.282 

110.2 

140.4 

39.4 

4.755 

6.571 

112.4 

146.9 

39.4 

4.815 

6.701 

113.5 

149.8 

39.3 

4.900 

6.905 

114.6 

154.4 

39.1 

5.030 

7.226 

116.3 

161.6 

38.3 

5.260 

7.896 

117.9 

177.0 

38.3 

5.320 

119.0 

38.3 

5.350 

119.0 

38.2 

5.400 

120.1 

37.7 

5.495 

120.1 

37.6 

5.605 

121.9 

36.9 

5.735 

121.9 

35.8 

5.990 

122.9 

31.9 

6.185 

112.8 

31.9 

6.575 

119.7 

Thickness  -  .063  inches 
Yield  Strength  «  43.5  ksi 
Specimen  Width  -  23.88  inches 
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2091-T3 


FIGURE  J5.  FALSTAFF  SPECTRUM 

CRACK  LENGTH  VS  FLIGHTS  DATA  FOR  2091 -T3 
0.063  INCH  SHEET, 

AIR  FORCE. 


crack  growth  rata  (in/f light) 


(MPa  fm  > 

10  * 


100 


1  10  100 


Kmax.  (KSI  fin  ) 


Figure  J6,  FALSTAFF  Spectrum  Crack  Growth  Rate 
vs  Kmax  Data  for  2091-T3 
0.063  Inch  Sheet. 

Air  Force 
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<nw/f light) 


1.250. 
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Mini-TWIST  Spectrum  Crack  Length  vs  Flights  Data  for 
for  2091 -T3  0.063  Inch  Sheet. 

Air  Force 


crack  growth  rate  <ln/f light) 


CM Pa  f  m  ) 


10  100 


1  10  100 


Kmax.  CKSI  fin  ) 

Figure  J8.  Mini-TWIST  Spectrum  Crack  Growth  Rate  vs 
Kmax  Data  for  2091-T3 
0.063  Inch  Sheet ,  Air  Force 
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Cnm/f 1 iqht) 


TABLE  J9 


TENSILE  RESULTS  TOR  ALCOA 
2091-T8  SHEET  (0.063”  X  48”  X  48”) 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

r) 

ULTIMATE 

STRENGTH 

(881) 

YIELD 

STRENGTH 

(KSI) 

XIONG 

<»> 

RA 

<%> 

X 

(K8I) 

MCAIR 

RT 

LONG 

62. S 

50.0 

22.0 

5.5 

62.5 

49.4 

21.0 

5.4 

61.5 

49.2 

20.0 

5.9 

NORTHROP 

RT 

LONG 

65.2 

53.2 

21.9 

11.2 

64.9 

52.9 

19.0 

11.2 

64.9 

53.1 

21.9 

11.2 

64.7 

52.9 

21.9 

11.3 

AVERAGE 

63.7 

51.5 

21.1 

8.8 

STAND  ARC 

i  DEVIATION 

1.5 

1.9 

0.6 

3.0 

TABLE  J10 

TENSILE  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063”  X  48”  X  48”) 


COMPANY 

TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

<*> 

X 

(HSI) 

MCAIR 

RT 

45  DEG 

62.0 

38.0 

24.0 

6.0 

62.0 

38.5 

25.0 

5.9 

62.5 

38.0 

22.0 

6.7 

NORTHROP 

RT 

45  DEG 

64.3 

43.9 

16.9 

11.0 

63.4 

43.8 

14.1 

11.0 

64.1 

43.9 

17.2 

11.2 

63.8 

43.1 

16.7 

11.0 

AVERAGE 

63.2 

41.3 

19.4 

9.0 

STANDARD  DEVIATION 

1.0 

3.0 

4.2 

2.6 
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TABLE  Jll 


TENSILE  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063*  X  48*  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORZSNT- 

ATION 

ULTIMATE 

STRENGTH 

(MI) 

YIELD 

STRENGTH 

(ESI) 

BLOMG 

(%) 

RA 

(%) 

E 

(MSI) 

MCAIR 

RT 

L  TRANS 

64.5 

40.9 

18.0 

5.6 

65.0 

43.6 

16.0 

5.9 

66.0 

42.3 

21.0 

5.5 

NORTHROP 

RT 

L  TRANS 

67.9 

47.7 

20.8 

11.3 

68.2 

47.4 

18.2 

11.3 

67.5 

47.7 

16.9 

11.2 

68.3 

47.2 

18.7 

11.1 

AVERAGE 

65.2 

42.3 

18.3 

5.7 

STANDARD  DEVIATION 

0.8 

1.4 

2.5 

0.2 
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TABLE  J12 


COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8  SHUT  (0.063"  X  48"  X  48") 


COMPANY  TSST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TSMPSRATURE 

YIELD  STRENGTH 

MOOULUS 

(DEGREES  F) 

(MI) 

(MI) 

MCAIR 

RT 

LONG 

12.5 

11.5 

NORTHROP 

RT 

LONG 

41.7 

11.5 

42.2 

11.2 

41.7 

12.1 

AVERAGE 

41.9 

11.8 

STANDARD 

DEVIATION 

0.3 

0.5 

TABLK  J13 

COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063"  X  48”  X  48") 

COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE  YIELD  STRENGTH  MODULUS 

(DEGREES  F)  (ESI)  (ESI) 

MCAIR  RT  45  DEO  12.1 

12.2 

11.7 

AVERAGE  12.0 

STANDARD  DEVIATION  0.3 
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TABLE  J14 


COMPANY 


MCAXR 


NORTHROP 


COMPRESSION  RESULTS  FOR  ALCOA 


2091-T8 

SHEET  (0.063”  X 

48”  X  48”) 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGRESS  P) 

(KSI) 

(KSI) 

RT 

L  TRANS 

12.6 

12.6 

12.5 

RT 

L  TRANS 

48.4 

12.1 

48.8 

11.9 

48.9 

12.0 

AVERAGE 

48.7 

12.3 

STANDARD  DEVIATION 

0.3 

0.3 
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TABLE  J15 


SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063-  X  48"  X  48") 


COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

MCAIR 

LONG 

44.8 

46.8 

NORTHROP 

LONG 

43.9 

43.8 

43.7 

AVERAGE 

44.6 

STANDARD  DEVIATION 

1.3 

TABLE  J16 

SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063-  X  48"  X  48") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


NORTHROP  L  TRANS  44.7 

45.0 

44.6 

AVERAGE  44.8 

STANDARD  DEVIATION  0.2 
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TABLE  J17 


COMPANY 


MCAZR 


NORTHROP 


COMPANY 


MCAXR 


NORTHROP 


BRARZNO  RESULTS  FOR  AL*~>A 
2091-T8  SHUT  (0.063"  X  48"  X  48") 

ORIBNTATXON  «/D  B BARING  BEARING 


OLT.  STR. 
(KSI) 

YIELD  STR. 
(KSX) 

LONG  l.S 

96.1 

98.9 

83.5 

99.2 

83.9 

LONG  l.S 

101.6 

71.1 

100.7 

69.7 

101.7 

72.2 

AVERAGE 

99.7 

76.1 

STANDARD  DEVIATION 

2.1 

7.0 

TABLE  J18 

BEARING  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063"  X  48"  X  48") 


ORIENTATION  «/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS  1.5 

98.2 

85.7 

97.4 

84.0 

97.5 

85.1 

L  TRANS  1.5 

104.4 

76.9 

103.7 

73.9 

104.0 

75.4 

AVERAGE 

100.9 

80.2 

STANDARD  DEVIATION 

3.5 

5.3 
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TABUS  J19 


COMPANY 

BBARZNO  RESULTS  FOR  ALCOA 

2091-T8  SHUT  (0.063*  X  48"  X  48") 

ORXBMTATXON  */D  BEARING 

ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(ESI) 

MCAIR 

LONG 

2.0 

128.6 

107.0 

130.3 

108.4 

127.1 

107.0 

NORTHROP 

LONG 

2.0 

127.3 

72.8 

129.9 

76.0 

130.2 

74.7 

AVERAGE 

128.9 

91.0 

STANDARD 

DEVIATION 

l.S 

18.1 

COMPANY 

TABLE  J20 

BEARING  RESULTS  FOR 

2091-13  SHEET  (0.063*  X 

ORIENTATION  e/D 

ALCOA 

48"  X  48") 

BEARING 
ULT.  STR. 
(ESI ) 

BEARING 
YIELD  STR. 
(KSI) 

MCAIR 

L  TRANS  2.0 

131.2 

110.7 

130.6 

109.5 

128.3 

107.0 

NORTHROP 

L  TRANS  2.0 

130.4 

85.2 

129.7 

85.0 

129.0 

88.2 

AVERAGE 

129.9 

97.6 

STANDARD  DEVIATION 

1.1 

12.7 
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TABLE  J21 


R-CURVE  FRACTURE  TOUGHNESS 
RESULTS  FOR  2091-T8X  SHEET 
(0.063”  X  48"  X  48") 

Northrop 


Specimen 

ID 

Orientation 

Kc 

VIRLI 

L-T 

130.0 
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TABLE  J22 

R-CURVE  FRACTURE  TOUGHNESS  RESULTS 


For  2091 -TB  Sheet  (0.063*  x48*x48*) 
MCDONNELL  AIRCRAFT  CO 


SPECIMEN  IDENTIFICATION!  LT1 


MATERIAL  DESCRIPTION: 
SPECIMEN  TYPE: 
SPECIMEN  ORIENTATION: 
YIELD  STRENGTH : 
SPECIMEN  THICKNESS: 
SPECIMEN  WIDTH: 


2091  AL-LI  SHEET 

C(T)  (COMPACT  SPECIMEN) 

L-T 

49. S  KSX 
0.063  IN 
3.999  IN 


SPECIMEN  IS  INVALID  PER  ASTM  E561-66,  PARA.  ?.S 


If  APPLIED 

I  LOAD 

(lba) 

PHYSICAL 

CRACK 

LENGTH 

(In) 

Kr 

(UNCORRECTED) 

(pal  / in ) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr  | 

(CORRECTED)! 

(pal  /in)  | 

600 

1.465 

42,664 

1.629 

47.141 

975 

1.500 

52.765 

1.753 

62 . 495 

1.025 

1.507 

55.716 

1.610 

66,34.9 

1.100 

1.516 

60,171 

1.935 

60,342 

1,150 

1.523 

63.194 

•«* 

1.175 

1.529 

64.629 

aaa 

•  •a 

1,200 

1.534 

66,420 

*** 

aat 

1,225 

1.545 

66,270 

aaa 

aaa 

1 ,250 

1.555 

70.121 

•  •• 

aaa  I 

1,275 

FAILURE 

*  • 

••• 

...  '!! 

***  Indicate*  that  the  equation  for  Kr  (Corrected)  did  not 


converge  to  a  solution. 
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TABLE  J23 

R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  2091-T8  Sheet  (0.063"  x  48"  x  48") 
MCDONNELL  AIRCRAFT  CO 


SPECIMEN  IDENTIFICATION : 
MATERIAL  DESCRIPTION: 
SPECIMEN  TYPE: 

SPECIMEN  ORIENTATION: 
YIELD  STRENGTH: 

SPECIMEN  THICKNESS: 
SPECIMEN  HIDTH: 


LT2 

2091  AL-LI  SHEET 

C(T)  (COMPACT  SPECIMEN) 

L-T 

49.5  KSI 
0.064  IN 
4.002  IN 


SPECIMEN  IS  INVALID  PER  ASTM  E561-86.  PARA.  7.5 


APPLIED 

LOAD 

(lbs) 

PHYSICAL 

CRACK 

LENGTH 

(in) 

Kr 

(UNCORRECTED) 

(psl  /in) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr 

(CORRECTED) 

(psl  /in) 

975 

1.501 

51.927 

1.743 

60.983 

1.000 

1.515 

53.727 

1.783 

64,343 

1.050 

1.523 

56.711 

1.847 

70.665 

1.110 

1.526 

60,073 

1.943 

80,115 

1.160 

1.530 

62.951 

■ 

•  ** 

1.190 

1.534 

64.769 

1 

t  •  * 

1.220 

1.540 

66.640 

ft** 

1.235 

1.543 

67,574 

1,270 

1.549 

69,785 

•  *« 

1.285 

1.570 

71,568 

*** 

•  •• 

1,305 

1.576 

72.963 

*** 

•  *  *  | 

1.315 

1.585 

73.989 

*** 

ft**  i 

1.325 

1.592 

74,876 

*  *  * 

•  **  | 

1.335 

1.598 

75,731 

*** 

•  •*  1 

1.340 

1.605 

76,397 

ttt 

ttt  I 

1,345 

FAILURE 

1 

***  Indicates  that  the  equation  for  Kr  (Corrected)  did  not 
converge  to  a  solution. 
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TABLE  J24 

R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  2091-T8  Sheet  (0.063"  x  48"  x  48”) 
MCDONNELL  AIRCRAFT  CO 


SPECIMEN  IDENTIFICATION 
MATERIAL  DESCRIPTION t 
SPECIMEN  TYPE: 

SPECIMEN  ORIENTATION  t 
YIELD  STRENGTH: 

SPECIMEN  THICKNESS: 
SPECIMEN  WIDTR: 

SPECIMEN  IS  INVALID  PER 


TL1 

2091  AL-LI  SHEET 

C(T)  (COMPACT  SPECIMEN) 

T-L 

42.3  KSI 
0.064  IN 
3.998  IN 

ASTM  E561-86.  PARA.  7.S 


APPLIED 

LOAD 

(IDS) 

PHYSICAL 

CRACK 

LENGTH 

(in) 

Kr 

(UNCORRECTED) 

(psi  /in) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr 

(CORRECTED) 

(psl  /in) 

800 

1.495 

42 . 504 

1.708 

46.955 

825 

1.499 

43.946 

1.734 

51,376 

1.025 

1.503 

54,749 

*** 

1.050 

1.509 

56.296 

•  ** 

1.085 

1.513 

58.335 

1.095 

1.518 

59,045 

*•* 

**• 

1.135 

1.524 

61.462 

*tt 

tt* 

1.165 

1.535 

63,532 

*•* 

ft  ft  ft 

1.175 

1.544 

64 . 468 

**• 

*•* 

1,190 

1.544 

65,291 

tit 

1,215 

1.549 

66,861 

•  ** 

ttt 

1.230 

1.557 

66.045 

*** 

*•* 

1.240 

1.562 

68,819 

*•* 

ttt 

1.250 

1.583 

70,357 

**• 

1.270 

1.587 

71,636 

*•* 

*** 

1.280 

1.594 

72,565 

1,290 

1.612 

73,989 

tt* 

*•* 

1.295 

1.616 

74,493 

**• 

I  1.305 

FAILURE 

•  •  • 

-  —  — 

... 

***  Indicates  that  tiae  equation  for  Kr  (Corrected)  did  not 
converge  to  a  solution. 
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TABLE  J2S 

R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  2091-T8  Sheet  (0.063s  x  48s  x  48s) 
MCDONNELL  AIRCRAFT  CO 


SPECIMEI  IDENTIFICATION  i  TL2 

MATERIAL  DESCRIPTION:  2091  AL-LI  SHEET 

SPECIMEN  TYPE:  C(T)  (COMPACT  SPECIMEN) 

SPECIMEN  ORIENTATION:  T-L 

YIELD  STRENGTH:  42.3  RSI 

SPECIMEN  THICKNESS:  0.061  IN 

SPECIMEN  WIDTH:  3.999  IR 


SPECIMEN  IS  INVALID  PER  ASTM  E561-86.  PARA.  7.5 


APPLIED 

LOAD 

(lbs) 

PHYSICAL 

CRACK 

LENGTH 

(in) 

Kr 

(UNCORRECTED) 

(psi  /in) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr  | 

(CORRECTED)! 

(psi  /in)  | 

950 

1.507 

53,350 

2.062 

79. 002  I 

975 

1.511 

54 . 862 

ttt  I 

1.075 

1.517 

60.775 

**t 

»*t  1 

1.120 

1.522 

63.517 

ttt 

1,130 

1.526 

64.246 

ttt 

ttt  I 

1.160 

1.531 

67 , 305 

ttt 

ttt  1 

1.240 

1.541 

71.181 

ttt 

1,255 

1.544 

72,179 

•  •• 

ttt 

1,265 

1.550 

73.059 

ttt 

1,260 

1.569 

74 , 867 

ttt 

ttt 

1,265 

1.576 

75 . 466 

**• 

1,295 

FAILURE 

m  •  • 

•  •  • 

Indicates  that  the  equation  for  Kr  (Corrected)  did  not 


converge  to  a  solution. 
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da/dN  (IN/cycle) 


AK(MPaVm) 


AK  (ksWin) 


FIGURE  J9.  FATIGUE  CRACK  GROWTH  RATE  DATA  tor 
2091-T8X  0.063  Inch  Sheet  Relative 
to  2024-T351  (l-T  Orientation). 

Northrop. 
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da/dN  (mm/cycle) 


da/dN  (IN/cycle) 


AK  (MPaVm) 


FIGURE  JtO.  FATIGUE  CRACK  GROWTH  RATE  DATA  for 
2091-T8X  0.063  Inch  Sheet  Relative 
to  2024-T351  (T-L  Orientation). 

Northrop. 
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da/dN  (mm/cycle) 


da/dN  (in/cycle) 


1 


10 

AK  (KSIVin) 


100 


Figure  J12  Fatigue  Crack  Growth  Rate  Data  for 

2091-T8  0.063  Inch  Sheet  (T-L  Orientation, 

Lab  Air,  75°F,  and  TLI  R-0.02  and  TL2  R-0.10). 
McDonnell  Aircraft  Company 
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APPENDIX  K 


2091-T3  AND  2091-T8 
0.144  INCH  SHEET 


INIRQDUCTIQN 

The  Alcoa  aluminum-lithium  alloy  2091-T3  0.144  inch  sheets  were  received  March  1988. 
The  2091-T3  0.144  inch  sheets  were  tested  as  received  by  the  Air  Force,  Martin  Marietta  and 
McDonnell  Douglas  Astronautics.  However,  General  Dynamics  aged  their  material  at  16  and  32 
hours  at  33S°F  and  Northrop  heat  treated  their  material  to  a  T8X  temper. 


TESTING 

Mechanical  properties,  (tension,  compression,  bearing,  shear,  and  fracture  toughness) 
fatigue  and  constant  amplitude  fatigue  crack  growth  tests  were  tested  according  to  ASTM 
standards,  unless  otherwise  specified. 

Spectrum  tests  were  performed  by  the  Air  Force  using  FALSTAFF  (a  severe  fatigue 
environment)  and  Mini-TWIST  (a  moderately  intense  fatigue  environment)  spectrums. 
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TABU  K1 


TBNSIU  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144”  X  48”  X  48”) 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  ELOMG  RA  E 

TEMP  ATXON  STRENGTH  STRENGTH  (%)  (%)  (MSI) 

(DEGREES  F)  (KSI)  (KSX) 


MCDONNELL 

RT 

LONG 

59.4 

49.0 

20.0 

11.4 

DOUGLAS 

60.1 

49.2 

20.0 

11.6 

ASTRO. ,  CA 

59.9 

49.5 

20.0 

11.5 

59.9 

49.6 

20.0 

11.5 

58.9 

49.5 

22.0 

11.5 

MARTIN 
MARIETTA,  LA 

RT 

LONG 

60.6 

50.0 

17.0 

12.7 

11.4 

59.9 

49.6 

17.0 

15.5 

11.1 

59.9 

49.6 

17.0 

19.7 

11.4 

AIR  FORCE 

RT 

LONG 

61.4 

51.1 

14.3 

14.7 

61.4 

50.9 

17.9 

20.5 

61.4 

51.3 

17.2 

19.7 

AVERAGE 

60.3 

49.9 

18.4 

17.1 

11.4 

STANDARD 

DEVIATION 

0.8 

0.8 

2.2 

3.2 

0.1 

TABU  K2 

TENSILE 

RESULTS 

FOR  ALCOA 

2091-T3  SHEET  (0.144"  X  48"  X 

48") 

COMPANY 

TEST 

ORIENT¬ 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

<*> 

(*) 

(MSI) 

(DEGREES  F) 

(KSI) 

(KSI) 

AIR  FORCE 

RT 

30 

62.4 

45.0 

20.0 

25.6 

62.1 

44.0 

19.1 

25.4 

62.2 

43.2 

18.9 

25.5 

AVERAGE 

62.2 

44.1 

19.3 

25.5 

STANDARD 

DEVIATION 

0.2 

0.9 

0.6 

0.1 
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TAB LX  K3 


COMPANY 


AIR  PORCX 


COMPANY 


AIR  FORCE 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(RSI) 

ELONG 

t»> 

RA 

(*> 

RT 

45 

61.4 

42.0 

23.3 

28.3 

61.6 

42.7 

24.4 

28.2 

61.5 

42.7 

23.9 

29.3 

AVERAOS 

61.5 

42.5 

23.9 

28.6 

STANDARD 

DEVIATION  0.1 

0.4 

0.6 

0.6 

TABLE  K4 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 
STRENGTH 
(KSI ) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*> 

RA 

<%> 

RT 

60 

61.2 

40.9 

24.0 

29.0 

61.0 

43.3 

21.5 

27.8 

60.3 

41.5 

22.8 

31.1 

AVERAGE 

60.8 

41.9 

22.8 

29.3 

S 

(MSI) 


E 

(MSI) 


STANDARD  DEVIATION 


0.5 


1.2 


1.3 


1.7 


TABLE  KS 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGRESS  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

BLOMG 

<%> 

RA 

(*> 

MCDONNELL 

RT 

L  TRANS 

64.3 

DOUGLAS 

65.3 

46.6 

14.0 

ASTRO. ,  CA 

65.2 

46.6 

14.0 

64.3 

46  4 

12.5 

64.6 

46.7 

12.5 

MARTIN 

RT 

L  TRANS 

64.7 

46.2 

12.0 

12.7 

MARIETTA,  LA 

65.1 

45.8 

13.0 

11.3 

64.7 

45.6 

13.0 

11.3 

AIR  FORCE 

RT 

L  TRANS 

66.0 

47.3 

16.4 

16.2 

66.4 

47.4 

17.5 

17.3 

66.0 

47.5 

15.7 

18.8 

AVERAGE 

65.1 

46.6 

14.1 

14.6 

STANDARD 

DEVIATION 

0.7 

0.6 

1.9 

3.3 

TABLE  K6 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%> 

MCDONNELL 

-320  F 

LONG 

75.3 

57.6 

16.0 

DOUGLAS 

76.2 

58.1 

16.5 

ASTRO.,  CA 

75.1 

57.4 

17.0 

75.0 

58.0 

17.0 

AVERAGE 

75.4 

57.8 

16.6 

STANDARD 

DEVIATION 

0.5 

0.3 

0.5 

E 

(MSI) 


12.0 

11.6 

11.6 

11.5 

11.6 

11.1 

11.4 

11.3 


11.5 

0.3 


E 

(MSI) 


12.4 

12.5 
12.5 
12.5 


12.5 

0.1 
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TABLE  K7 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144”  X  48"  X  48”) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(XSI) 

ELONO 

(%> 

RA 

(%> 

E 

(MSI) 

MCDONNELL 

-320  F 

L  TRANS 

61.6 

53.9 

16.5 

12.7 

DOUGLAS 

82.2 

54.2 

14.5 

12.7 

ASTRO.,  CA 

81.5 

55.1 

14.5 

12.7 

80.6 

55.1 

13.0 

12.5 

AVERAGE 

81.5 

54.6 

14.6 

12.7 

STANDARD 

DEVIATION  0.7 

0.6 

1.4 

0.1 
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TABLE  K8 


COMPRESSION  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMPERATURE 
(DEGRESS  P) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(ESI) 

COMPRESSIVE 

MOOULUS 

(RSI) 

MCDONNELL 

RT 

LONG 

41.1 

11.  S 

DOUGLAS 

11.5 

ASTRO.,  CA 

40.7 

11.4 

AVERAGE 

40.9 

11.5 

STANDARD  DEVIATION 

0.3 

0.1 

TABLE  K9 


COMPRESSION  RESULTS  FOR  ALCOA 


2091-T3 

SHEET  (0.144"  X  4P 

X  48") 

COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(KSI) 

MCDONNELL 

RT 

L  TRANS 

49.0 

11.3 

DOUGLAS 

48.6 

11.5 

ASTRO.,  CA 

49.8 

11.5 

AVERAGE 

49.1 

11.4 

STANDARD  DEVIATION 

0.6 

0.1 

343 


TABLE  X10 


COMPRESSION  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144”  X  48”  X  48”) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(ESI) 

COMPRESSIVE 

MODULUS 

(ESI) 

MCDONNELL 

-320  F 

LONG 

46.8 

12.7 

DOUGLAS 

12.5 

ASTRO.,  CA 

46.4 

12.4 

AVERAGE 

46.6 

12.5 

STANDARD  DEVIATION 

0.3 

0.2 

TABLE  Ell 
COMPRESSION  RESULTS 
2091-T3  SHEET  (0.144” 


FOR  ALCOA 
X  48”  X  48”) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(ESI) 

COMPRESSIVE 

MODULUS 

(ESI) 

MCDONNELL 

-320  F 

L  TRANS 

56.8 

12.8 

DOUGLAS 

55.1 

12.8 

ASTRO.,  CA 

58.8 

12.5 

AVERAGE 

56.9 

12.7 

STANDARD  DEVIATION  1.9  0.2 
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TABLE  X12 


COMPANY 


MCDONNELL 
DOUGLAS 
ASTRO. ,  CA 


COMPANY 


MCDONNELL 
DOUGLAS 
ASTRO. ,  CA 


BEARING  RESULTS  TOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


ORIENTATION  m/D  BEARING  BEARING 


ULT.  STR.  YIELD  STR. 

(ESI)  (ESI) 

LONG 

1.5 

95.6 

95.9 

75.3 

95.3 

75.8 

95.2 

74.3 

95.1 

72.9 

AVERAGE  95.4  74.6 

STANDARD  DEVIATION  0.3  1.3 


TABLE  K13 

BEARING  RESULTS  TOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

ORIENTATION  «/D  BEARING  BEARING 


ULT.  STR.  YIELD  STR. 

(ESI)  (ESI) 

L  TRANS 

1.5 

98.1 

75.3 

98.2 

74.2 

98.5 

78.6 

96.5 

74.6 

98.1 

AVERAGE  97.9  75.7 

STANDARD  DEVIATION  0.8  2.0 
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TABLE  K14 


BEARING  RESULTS  FOR  ALCOA 
2091-T3  SHUT  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

MCDONNELL 

LONG 

2.0 

119.0 

86.2 

DOUGLAS 

119.0 

ASTRO. ,  CA 

120.0 

86.6 

120.0 

120.0 

85.3 

AVI RAGE  119.6  86.0 

STANDARD  DEVIATION  0.5  0.7 


TABLE  K15 

BEARING  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

COMPANY  ORIENTATION  «/D  BEARING  BEARING 


ULT.  STR.  YIELD  STR. 

(KSI)  (KSI) 

MCDONNELL 

L  TRANS 

2.0 

122.0 

89.2 

DOUGLAS 

122.0 

90.7 

ASTRO.,  CA 

122.0 

123.0 

88.7 

121.0 

87.9 

AVERAGE  122.0  89.1 

STANDARD  DEVIATION  0.7  1.2 
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Figure  K1 .  R-Curve  Results  for  2091 -T3 

0.144  Inch  Sheet  (L-T  Orientation). 
Martin  Marietta 
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Figure  K2.  R-Curve  Results  for  2091-T3  0.144 
Inch  Sheet  (T-L  Orientation) . 
Martin  Marietta. 
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Figure  K3.  R-Curve  Results  for  2091 -T3 

0.144  Inch  Sheet  with  Effective  Crack  Length 
Adjusted  for  Plastic  Zone  (L-T  Orientation) 
Martin  Marietta. 
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EFFECTIVE  CRACK  LENGTH,  Aa  (Ae-Ao+Ap+rho)  in  inches 


Figure  K4.  R-Curve  Results  tor  2091 -T3 

0.144  Inch  Sheet  with  Effective  Crack  Length 
Adjusted  for  Plastic  Zone  (T-L  Orientation) 
Martin  Marietta. 
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TABLE  K16 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K1  AND  K3  (SPECIMEN  3) 


Load,  kips 

Half  Crack 
Length 
(c)  inch 

Half 

Crack  Length, 

(c  +  rho) 
inch 

Corresponding  Fracture 
Toughness.  ksi  •'/inch 

Not  adjusted 

Adjusted  for 
Plasticity 

10 

3.895 

i  3.902 

11 

11 

18 

3.960 

3.985 

20 

20 

24 

3.960 

i  4.004 

26 

26 

26 

3.975 

4.029 

29 

29 

28 

3.990 

4.053 

31 

31 

29 

3.990 

4.059 

32 

33 

32 

4.000 

4.083 

36 

36 

36 

4.020 

4.126 

40 

41 

40 

4.020 

4.154 

45 

46 

44 

4.020 

4.183 

49 

50 

48 

4.020 

4.213 

53 

55 

52 

4.020 

4.251 

58 

60 

57 

4.020 

4.295 

63 

65 

61 

4.020 

4.340 

68 

70 

64 

4.045 

4.402 

71 

74 

65 

4.060 

4.451 

73 

78 

67 

4.085 

4.497 

75 

80 

69 

4.085 

4.525 

77 

83 

71 

4.105 

4.581 

80 

86 

71 

4.115 

4.601 

80 

87 

74 

4.140 

4.668 

84 

91 

74 

4.140 

4.677 

84  . 

91 

76 

4.165 

4.732 

86 

94 

76 

4.225 

4.812 

88 

95 

76 

4.225 

4.823 

88 

96 

78 

4.255 

4.886 

90 

99 

80 

4.290 

4.967 

93 

103 

81 

4.325 

5.027 

94 

104 

82 

4.500 

5.284 

99 

110 

82 

4.655 

5.495 

102  | 

114 

83 

4.750 

5.649 

104 

118 

82 

4.900 

5.837 

105 

121 

82 

5.045 

6.042 

108 

124 

81 

5.345 

6.447 

112 

131 

Thickness  ■  .144  inch 

Yield  -  49.7  ksi 

Specimen  Width  -  23.83  inch 
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TABLE  K17 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K1  AND  K3  (SPECIMEN  4) 


Load,  kips 

Half  Crack 
Length 
(c)  inch 

Half 

Crack  Length, 

(c  +  rho) 
inch 

Corresponding  Fracture 
Touahness.  ksi  Vinch 

Not  adjusted 

Adjusted  for 
Plasticity 

10 

3.902 

11 

11 

19 

3.895 

3.924 

21 

21 

28 

3.895 

3.956 

31 

31 

36 

3.930 

4.032 

39 

40 

44 

4.000 

4.163 

49 

50 

52 

4.000 

4.231 

58 

60 

60 

4.010 

4.319 

67 

69 

65 

4.040 

4.416 

73 

76 

69 

4.080 

4.523 

77 

83 

74 

4.110 

4.641 

84 

91 

78 

4.200 

4.823 

90 

98 

79 

4.260 

4.921 

92 

101 

80 

4.350 

5.058 

95 

105 

82 

4.480 

5.262 

99 

110 

84 

4.575 

5.440 

102 

116 

84 

4.615 

5.492 

102 

117 

84 

4.735 

5.663 

105 

120 

84 

4.800 

5.754 

106 

122 

84 

4.890 

5.883 

107 

124 

84 

4.945 

5.956 

107 

125 

84 

5.025 

6.072 

109 

128 

84 

5.135 

6.223 

111 

130 

82 

5.320 

6.435 

111 

132 

81 

5.490 

6.661 

114 

135 

79 

5.730 

6.962 

115 

138 

74.5 

6.265 

7.660 

117 

144 

74.5 

6.440 

7.932 

118 

152 

Thickness  ■  .144  inch 

Yield  -  49.7  ksi 

Specimen  Width  -  23.81  inch 
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TABLE  K18 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K2  AND  K4  (SPECIMEN  1) 


Load,  kips 

Half  Crack 

HaH 

Crack  Length, 

Corresponding  Fracture 
Toughness,  ksi  Vinch 

Length 
(c)  inch 

(c  +  rho) 
inch 

Not  adjusted 

Adjusted  for 
Plasticity 

10 

2.895 

2.905 

12 

12 

13 

2.895 

2.915 

16 

16 

19 

2.950 

2.995 

24 

25 

28 

2.960 

3.061 

36 

36 

37 

2.980 

3.158 

47 

49 

46 

2.995 

3.279 

58 

61 

50 

2.995 

3.354 

64 

69 

54 

3.000 

3.422 

69 

75 

56 

3.005 

3.461 

71 

78 

59 

3.020 

3.547 

75 

83 

65 

3.045 

3.728 

83 

95 

69 

3.085 

3.920 

89 

105 

71 

3.100 

4.032 

92 

111 

72 

3.100 

4.077 

94 

114 

75 

3.150 

4.282 

98 

122 

76 

3.250 

4.598 

102 

133 

77 

3.250 

4.608 

102 

134 

78 

3.345 

4.943 

106 

145 

79 

3.355 

5.104 

108 

152 

79 

3.420 

5.500 

110 

166 

79 

3.525 

I 

112 

77 

3.655 

113 

75 

3.865 

113 

71 

4.100 

113 

Thickness 

Yield 

Specimen  Width 


.144  inch 
45.9  ksi 
18.03  inch 
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TABLE  K19 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K2  AND  K4  (SPECIMEN  2) 


Load,  kips 

Half  Crack 
Length 
(c)  inch 

_ 

Half 

Crack  Length, 

(c  +  rho) 
inch 

Corresponding  Fracture 
Toughness,  ksi  Vinch 

Not  adjusted 

Adjusted  for 
Plasticity 

8 

10 

9 

18 

2.880 

2.918 

22 

22 

26 

2.950 

3.036 

33 

34 

36 

2.950 

3.122 

45 

46 

44 

2.975 

3.231 

56 

58 

49 

2.990 

3.331 

63 

67 

56 

3.020 

3.477 

71 

78 

58 

3.025 

3.530 

74 

82 

63 

3.050 

3.687 

81 

92 

67 

3.075 

3.837 

86 

100 

68 

3.080 

3.901 

88 

104 

70 

3.115 

4.025 

92 

110 

73 

3.150 

4.214 

96 

119 

75 

3.240 

4.499 

101 

129 

76 

3.260 

4.627 

103 

134 

78 

3.275 

4.766 

105 

140 

78 

3.365 

5.054 

107 

149 

79 

3.425 

110 

79 

3.425 

110 

78 

3.540 

112 

78 

3.605 

112 

76 

3.735 

112 

75 

3.865 

115 

73 

3.940 

113 

74 

3.955 

114 

73 

4.000 

114 

Thickness  -  .144  inch 

Yield  »  45.9  ksi 

Specimen  Width  ■  18.01  inch 
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FIGURE  K5.  R-CURVE  RESULTS  FOR  2091 -T3  0.144  INCH 
SHEET  (L-T  ORIENTATION). 

AIR  FORCE. 


R-CURVE  DATA  ASSOCIATED  WITH 
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The  followinq  value  la  the  10%  SECANT  value 

l  0.0318  1275  46.92  0.4426  46.10  1.1105  0.0670 
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The  (oil owl no  value  Is  the  10%  SBC ANT  vela# 

0. 0339  1314  47.41  0.4450  47.82  1.1161  '>703 


0*001 


8 


St 

d 


8 

d 


§ 


/•s 

1 

ss 

4- 

1 

o 

4) 

p* 

2 


is»  -*a 


359 


FIGURE  K7.  R-CURVE  RESULTS  for  2091-T3  0.144  Inch  Sheet 
(60*  Orientation,  Specimen  1). 


R-CURVE  DATA  ASSOCIATED  WITH 
FIGURE  K7  (60°  ORIENTATION,  SPECIMEN  1) 
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Th*  fellowlnq  value  is  the  10%  SECANT  value 

>  0.0330  1175  51.70  0.4604  45.67  1.1737  0.0672 
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A91-LT-2 
77°K  (-321°F) 


FIGURE  K9.  R-CURVE  RESULTS  FOR  2091-T3 

0.144  INCH  SHEET  (L-T  ORIENTATION, 
*321°F).  AIR  FORCE. 


R-CURVE  DATA  ASSOCIATED  WITH  FIGURE  K9 
(L*T  ORIENTATION,  -321°F) 
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The  fol lowina  value  la  the  10%  SBCANT  value 

’  0.0322  1412  4(.24  0.4387  30.17  1.0970  0.0683 


TABLS  K25 


FATIGUE  RESULTS  WITH  R-0.1  AMD  Kt-1.0  FOR 
ALCOA  2091-T3  SHUT  (0.144*  X  48"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

LONG 

50.2 

65,600 

♦ 

ASTRO.,  CA 

45.2 

209,000 

♦ 

42.0 

67,000 

40.0 

353,000 

♦ 

38.1 

670,000 

♦ 

35.9 

84,400 

9 

35.7 

45,700 

# 

33.1 

120,000 

• 

30.9 

340,000 

29.1 

1,000,000 

* 

(*) :  INDICATES  A  RUM-OUT  TEST 
(#)t  INDICATES  FAILURE  AT  PIN  HOLE 
(8):  INDICATES  FAILURE  AT  RADIUS 
(  +  ) l  INDICATES  SPECIMENS  WERE  RECONFIGURED  AND 
HAD  SURFACE  COATING  REMOVED 


TABLE  K26 

FATIGUE  RESULTS  WITH  R-0.1  AND  Kt«1.0  FOR 
ALCOA  2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS  L  TRANS 

49.9 

42,300 

♦ 

ASTRO.,  CA 

45.0 

87,700 

#♦ 

45.0 

39,900 

39.8 

293,000 

+ 

35.0 

1,000,000 

*+ 

34.9 

385,000 

1 

33.0 

203,000 

1 

33.0 

621,000 

1 

30.9 

1,530,000 

*» 

(*)* 

INDICATES 

A  RUN-OUT  TEST 

<#)* 

INDICATES 

FAILURE  AT  PIN  HOLE 

<  * )  * 

INDICATES 

THE  SPECIMENS  WERE  ONLY  RECONFIGURED 

<  +  )* 

INDICATES 

SPECIMENS  WERE  RECONFIGURED 

AND 

HAD  SURFACE  COATING  REMOVED 
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FIGURE  K10.  FATIGUE  RESULTS  FOR  2091 -T3 

0.144  INCH  SHEET  (R-1.0.  Kt  -1.0). 
MCDONNELL  DOUGLAS  ASTRONAUTICS 
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TABLE  K27 


FATIGUE  RESULTS  NITH  R-O.l  AMD  Kt-3.0  FOR 
ALCOA  2091-T3  SHEET  (0.144”  X  48”  X  48”) 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

LONG 

24.9 

16,100 

ASTRO. ,  CA 

21.9 

32,200 

19.9 

109,000 

18.0 

112,000 

18.0 

71,250 

15.0 

294,000 

14.9 

1,000,000  * 

14.0 

1,000,000  * 

13.0 

1,000,000  * 

(*):  INDICATES  A  RUM-OUT  TEST 


TABLE  K28 

FATIGUE  RESULTS  WITH  R-0.1  AND  Kt«3.0  FOR 
ALCOA  2091-T3  SHEET  (0.144”  X  48”  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

L  TRANS 

29.9 

10,800 

ASTRO.,  CA 

28.1 

11,200 

26.8 

23,700 

25.1 

34,900 

22.1 

58,700 

19.9 

87,400 

18.0 

135,000 

16.0 

247,000 

14.9 

1,000,000 
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1E+4  1E+5  1E+6  1E+7  1E+8 

Cycles  to  Failure,  Nf 


FIGURE  K1 1 .  FATIGUE  RESULTS  FOR  2091-T3 
0.144  INCH  SHEET  (R-1.0,  Kt-3.0). 
MCDONNELL  DOUGLAS  ASTRONAUTICS 
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FIGURE  K1 2.  FALSTAFF  SPECTRUM  FATIGUE  CRACK  LENGTH 
VS  FLIGHTS  DATA  FOR  2091-T3  0.144 
INCH  SHEET,  Al°  FORCE. 


Kmax.  CKSI,  fin  ) 


FIGURE  K13. 


FALSTAFF  SPECTRUM  FATIGUE  CRACK 
GROWTH  RATE  VS  KMAX  DATA  FOR 
2091-T3  0.144  INCH  SHEET. 

AIR  FORCE. 
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FIGURE  K14.  MINI-TWIST  SPECTRUM  FATIGUE  CRACK  LENGTH 
VS  FLIGHTS  DATA  FOR  2091-T3  0.144 
INCH  SHEET(SPECIMEN  #2091 A912) 
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10  100 


Kmax,  (KSI  fin  > 


FIGURE  K17.  MINI-TWIST  SPECTRUM  CRACK  GROWTH 
RATE  VS  KMAX  DATA  FOR  2091-T3 
0.144  INCH  SHEET  (SPECIMEN  #2091T34M). 
AIR  FORCE. 
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TABLE  E29 


TBM8XLB  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144-  X  48"  X  48") 


AGED  16  HOURS  AT  335  F 


COMPANY 

TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%) 

RA 

(*) 

E 

(ESI) 

GENERAL 

RT 

LONG 

67.3 

56.1 

14.2 

DYNAMICS, 

67.1 

56.3 

14.3 

TEXAS 

AVERAGE 

67.2 

56.2 

14.3 

STANDARD 

DEVIATION 

0.1 

0.1 

0.1 

TABLE  K30 

TENSILE 

RESULTS  : 

FOR  ALCOA 

2091-T3  SHEET  (0.144 

-  X  48"  X 

48") 

AGED  16  HOURS  AT  335  P 

COMPANY 

TEST 

ORIENT¬ 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(%) 

(*) 

(MSI) 

(DEGREES  P) 

(ESI) 

(ESI) 

GENERAL 

RT 

45 

65.3 

46.7 

19.2 

DYNAMICS, 

65.6 

47.4 

19.8 

TEXAS 

AVERAGE 

65.5 

47.1 

19.5 

STANDARD 

DEVIATION 

0.2 

0.5 

0.4 
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TABU  K31 


COMPANY 


GENERAL 

DYNAMICS, 

TEXAS 


COMPANY 


GENERAL 

DYNAMICS, 

TEXAS 


TSMSIU  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  16  HOURS  AT  335  F 


TEST  ORIENT-  ULTIMATE  YIELD  ELONO  RA  B 

TEMP  ATXON  STRENGTH  STRENGTH  («)  («)  (MSI) 

(DEGREES  F)  (KSI)  (KSI) 


RT  L  TRANS  70.7  51.3  12.8 

70.9  52.8  11.1 


AVERAGE  70.8 


52.1  12.0 


STANDARD  DEVIATION  0.1 


1.1  1.2 


TABU  K32 

TENS  XU  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  32  HOURS  AT  335  F 


TEST  ORIENT-  ULTIMATE  YIELD  ELONG  RA  E 

TEMP  ATION  STRENGTH  STRENGTH  (*)  (»)  (MSI) 

(DEGREES  F)  (KSI)  (KSI) 


RT  LONG  69.6  58.8 

69.9  59.4  15.3 


AVERAGE  69.8 

STANDARD  DEVIATION  0.2 


59.1  15.3 

0.4 


376 


TABLE  K33 


TBMSXLB  RESULTS  FOR  ALCOA 


2091-T3  SHEET  (0.144”  X  48”  X  48”) 


AGED  32 

HOURS  AT 

335  F 

COMPANY 

TEST 

TEMP 

(DEGRESS  F) 

ORIENT-  ULTIMATE 
ATXON  STRENGTH 
(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%> 

RA 

(*) 

B 

(MSI) 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

45 

68.8 

68.1 

51.9 

51.1 

17.9 

18.5 

AVERAGE 

68.5 

51.5 

18.2 

STANDARD 

DEVIATION 

0.5 

0.6 

0.4 

TABLE  X34 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144”  X  48”  X  48") 
AGED  32  HOURS  AT  335  F 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(XSI) 

ELONG 

<%) 

RA 

(%) 

E 

(MSI) 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

L  TRANS 

73.9 

74.5 

57.0 

54.5 

15.6 

14.3 

AVERAGE 

74.2 

55.8 

15.0 

STANDARD  DEVIATION  0.4  1.8  0.9 
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TABLE  K3S 


XAMM  TEAR  TBST  RESULTS  FOR  ALCOA 
2091-T3  SHUT  (0.144"  X  48"  X  48") 


AOXD  16  HOURS  AT  335  F 

COMPANY  ORIENTATION  TSAR 

STRXMGTH 

(KSI) 


GSMSRAL  DYNAMICS,  L-T  81.4 

TEXAS  78.8 

AVERAGE  80.1 

STANDARD  DEVIATION  1.9 


TABLE  K36 

KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  16  HOURS  AT  335  F 

COMPANY  ORIENTATION  TEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS,  45-45  74.6 

TEXAS 

AVERAGE  74.6 

STANDARD  DEVIATION 
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TABU  K37 


KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  <0.144a  X  48"  X  48*) 
AGED  16  HOURS  AT  335  F 


COMPANY  ORIENTATION  TEAR 

STRENGTH 

—  <KSX> 

GENERAL  DYNAMICS,  T-L  78.2 

TEXAS  77.3 

AVERAGE  77.7 

STANDARD  DEVIATION  0.6 


TABU  K38 

KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144*  X  48"  X  48”) 
AGED  32  HOURS  AT  335  F 


COMPANY  ORIENTATION  TEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS,  L-T  76.4 

TEXAS  74.6 

AVERAGE  75.5 

STANDARD  DEVIATION  1.3 
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TABUS  K39 


KAHN  TSAR  TSST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144*  X  48*  X  48") 

AGED  32  HOURS  AT  33S  F 

COMPANY 

GENERAL  DYNAMICS, 

TEXAS 

AVERAGE  73.9 

STANDARD  DEVIATION  0.2 


ORIENTATION  TEAR 

STRENGTH 

(ESI) 

45-45  73.7 

74.1 


TABLE  K40 

KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  32  HOURS  AT  335  F 

COMPANY  ORIENTATION  TEAR 

STRENGTH 

(KSI) 


GENERAL  DYNAMICS,  T-L  74.7 

TEXAS 

AVERAGE  74.7 

STANDARD  DEVIATION 
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TABLE  41 


COMPANY 


GSMKKAL 

TEXAS 


COMPANY 


GENERAL 

TEXAS 


TEAR- YIELD  STRENGTH  RATIOS  FOR  ALCOA 
2091-T3  SHEET  (0.144*  X  48*  X  48") 

AGED  16  HOURS  AT  335  P 

TENS I LB-TEAR  TSAR-YIELD 

ORIENTATION  STRENGTH  RATIO 

DYNAMICS,  L/L-T 

LT/T-L 
45/45-45 
L/T-L 


1.42 

1.48 

1.58 

1.38 


TABLE  42 

TEAR-YIELD  STRENGTH  RATIOS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  32  HOURS  AT  335  F 

TENSILE-TEAR  TEAR-YIELD 

ORIENTATION  STRENGTH  RATIO 


DYNAMICS,  L/L-T  1.27 

LT/T-L  1.34 

45/45-45  1.44 

L/T-L  1.26 
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:«tx  to  Viol <k  Strength  Ratio 


« 

0 

• 

A 

a 

u 

« 


Alcoa  2091  .144"  Sheet 

i«ed  18/32  Hours  at  335F 


0  I/L-T 


ESI  Yield  Strength 
+  LT/T-L  0  49/45-45 


FIGURE  K18.  TEAR  STRENGTH  to  YIELD  STRENGTH  RATIO  VS  YIELD 
STRENGTH  DATA  for  2091 -T3  Aged  16/32  Hours  at  335° F. 
General  Dynamics. 
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TABU  K43 


TINS I LB  RESULTS  FOR  ALCOA 
2091-T8X  SHBBT  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F> 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%> 

RA 

(%> 

S 

(HSI) 

NORTHROP 

RT 

LONG 

63.4 

53.5 

15.6 

10.8 

63.2 

53.3 

16.7 

10.2 

63.7 

53.7 

14.7 

10.5 

63.2 

53.6 

12.6 

10.8 

AVERAGE 

63.4 

53.5 

14.9 

10.6 

STANDARD 

DEVIATION 

0.2 

0.2 

1.7 

0.3 

TABU  K44 

TBNSIU  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<*> 

RA 

(*> 

E 

(MSI) 

NORTHROP 

RT 

45 

44.3 

10.4 

63.3 

44.1 

19.8 

10.5 

62.4 

43.5 

17.8 

11.8 

62.8 

44.9 

19.2 

11.9 

AVERAGE 

62.8 

44.2 

18.9 

11.2 

STANDARD 

DEVIATION 

0.5 

0.6 

1.0 

0.8 
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TABLE  K4S 


TENS I LB  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144”  X  48”  X  48”) 


COMPANY 

TSST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

D 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

(%> 

RA 

<%> 

E 

(MSI) 

NORTHROP 

RT 

L  TRANS 

67. 5 

48.7 

12.1 

10.6 

68.2 

49.2 

12.7 

11.2 

67.8 

48.8 

13.1 

11.3 

AVERAGE 

67.8 

48.9 

12.6 

11.0 

STANDARD 

DEVIATION 

0.4 

0.3 

0.5 

0.4 
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TABLE  K46 


COMPANY 


NORTHROP 


COMPANY 


NORTHROP 


COMPRESSION  RX80LTS  FOR  ALCOA 
2091-T8X  SHOT  (0.144"  X  48"  X  48") 


TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(KSI) 

RT 

LONG 

42.7 

12.0 

42.5 

11.5 

42.9 

11.7 

AVERAGE  42.7  11.7 

STANDARD  DEVIATION  0.3  0.2 


TABLE  K47 

COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

RT  L  TRANS 

51.5 

11.5 

51.4 

11.3 

51.3 

11.3 

AVERAGE 

51.4 

11.4 

STANDARD  DEVIATION 

0.1 

0.1 
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TABLE  K48 


SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSX) 


NORTHROP  LONG  40.6 

40.5 

40.5 

AVERAGE  40.5 

STANDARD  DEVIATION  0.1 


TABLE  K49 

SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48”) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSX) 


TABU  R50 


BEARING  RESULTS  TOR  ALCOA 


2091-T8X  SHEET 

(0.144- 

X  48”  X  48") 

COMPANY 

ORIENTATION 

•/D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(RSI) 

<KSI> 

NORTHROP 

LONG 

1.5 

96.8 

92.9 

76.3 

73.6 

AVERAGE  94.9  75.0 

STANDARD  DEVIATION  2.8  1.9 


TABU  K51 

BEARING  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.063-  X  48"  X  48") 


COMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHROP 

L  TRANS  1.5 

100.8 

76.1 

99.3 

75.1 

97.0 

74.0 

AVERAGE 

99.0 

75.1 

STANDARD  DEVIATION 

1.9 

1.1 
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TABLE  KS2 


BEARING  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  <0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION  «/D 

BEARING 
ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(ESI ) 

NORTHROP 

LONG  2.0 

120.7 

89.8 

122.4 

89.1 

123.9 

91.8 

AVERAGE 

122.3 

90.2 

STANDARD  DEVIATION 

1.6 

1.4 

TABLE  X53 

BEARING  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 

COMPANY  ORIENTATION  «/0  BEARING  BEARING 

ULT.  STR.  YIELD  STR. 


(ESI) 

(ESI) 

L  TRANS  2.0 

125.6 

91.9 

126.9 

91.0 

126.1 

94.6 

AVERAGE 

126.2 

92.5 

STANDARD  DEVIATION 

0.7 

1.9 
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TABLE  K54 


COMPANY 


NORTHROP 


R-CURVS  FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  2091-T8X  SHEET  (0.144"  X  48"  X  48") 

SPECIMEN  I.D.  ORIENTATION 

(ESI 

T6RL1  L-T 


EC 

SQRT-IN) 


135.0 
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da/dN  (IN/cycle) 


AK  (MPaVm) 


AK  (ksiVin) 


FIGURE  K19.  FATIGUE  CRACK  GROWTH  RATES  FOR 
2091-T8X  0.144  INCH  SHEET  RELATIVE 
TO  2024-T351  (L-T  ORIENTATION). 
NORTHROP. 
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da/dN  (mm/cycle) 


da/dN  (IN/cycle) 


r 


AK  (MPaVm) 


AK  (ksiVin) 


FIGURE  K20.  FATIGUE  CRACK  GROWTH  RATES  FOR 
2091-T8X  0.144  INCH  SHEET  RELATIVE 
TO  2024-T351  (T-L  ORIENTATION). 
NORTHROP. 
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da/dN  (mm/cycle) 


APPENDIX  L 


2091-T8  0.5  INCH  PLATE 


INTRODUCTION 

The  Alcoa  aluminum-lithium  alloy  2091-T8  0.5  inch  plates  were  received  March  1988. 
The  2091-T8  0.5  inch  plates  were  tested  in  the  as  received  condition. 


TESTING 

Mechanical  properties,  (tension,  compression,  and  fracture  toughness)  were  tested 
according  to  ASTM  standards,  unless  otherwise  specified. 

Over  load  fatigue  crack  growth  tests  woe  not  performed  according  to  ASTM  standards. 
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TABU  LI 


TSMSXU  RESULTS  FOR  ALOQA 


2091-T8  PLATE  (0.5a  X  4B"  X  48*) 


COMPART 

TEST 

TEMP 

(DEGRESS 

ORIENT¬ 

ATION 

F> 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

<%> 

RA 

<%> 

B 

(MSI) 

MARTIN 

RT 

mm 

74.8 

62.1 

11.0 

11.4 

MARIETTA, 

74.2 

61.4 

11.0 

10.8 

LOUISIANA 

75.2 

62.3 

10.0 

11.4 

AIR  FORCE 

RT 

LONG 

76.2 

64.0 

8.9 

16.2 

75.6 

63.4 

9.4 

17.0 

75.3 

62.8 

8.6 

15.1 

AVERAGE 

75.2 

62.7 

9.8 

13.7 

STANDARD 

>  DEVIATION 

0.7 

0.9 

0.4 

1.1 

TABU  L2 

TENS  XU  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5*  X  48*  X  48*) 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

E) 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

(%> 

RA 

(*) 

E 

(MSI) 

AIR  FORCE 

RT 

30 

71.6 

52.9 

11.6 

16.2 

71.6 

53.2 

11.7 

18.4 

AVERAGE 

71.6 

53.1 

11.7 

17.3 

STANDARD 

DEVIATION 

0.0 

0.2 

0.1 

1.5 
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TABLK  L3 


TENSILE  RESULTS  FOR  ALCOA 


2091-T8  PLATS  (0.5*  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGRESS 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSX) 

YIELD 

STRENGTH 

(RSI) 

EL0NG 

<%> 

RA 

<%> 

B 

(MSI) 

AIR  FORCE 

RT 

45 

64.0 

46.6 

19.4 

32.9 

63.6 

45.9 

19.1 

35.5 

63.6 

45.9 

19.6 

33.6 

AVERAGE 

63.7 

46.1 

19.4 

34.0 

STANDARD 

DEVIATION 

0.2 

0.4 

0.3 

1.3 

TABLE  L4 

TENSILE  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5"  X  48”  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(RSI) 

ELONG 

<*> 

RA 

(*) 

MARTIN 

RT 

L  TRANS 

72.9 

55.0 

14.0 

18.8 

MARIETTA, 

72.2 

54.1 

14.0 

18.8 

LOUISIANA 

73.5 

55.0 

14.0 

14.2 

AIR  FORCE 

RT 

L  TRANS 

73.6 

55.6 

12.1 

24.9 

73.8 

55.7 

11.5 

24.5 

73.8 

55.4 

13.0 

22.7 

AVERAGE 

73.3 

55.1 

13.1 

20.7 

STANDARD 

DEVIATION 

0.6 

0.6 

1.1 

4.1 

B 

(MSI) 
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TABLE  LS 


COMPRESSION  R1SULTS  POR  ALCOA 
2091-T8  PLAT!  (0.5*  X  48-  X  48*) 


COMPANY  TINT  ORIENTATION  COMPRESSIVE  COMPRESS I VX 


TEMPERATURE 
(DEGREES  P) 

YIELD  STRENGTH 

<KSI> 

MODULUS 

(MSI) 

MARTIN 

RT 

LONG 

52.2 

11.8 

MARIETTA, 

51.4 

11.8 

LOUISIANA 

52.4 

11.8 

AVERAGE 

52.0 

11.8 

STANDARD 

DEVIATION 

0.5 

0.0 

TABLE  L6 

COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8  PLATE  <0.5"  X  48"  X  48") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  P) 

YIELD  STRENGTH 
(KSX) 

MODULUS 

(KSI) 

MARTIN 

RT  L  TRAMS 

57.9 

11.9 

MARIETTA, 

58.8 

11.9 

LOUISIANA 

AVERAGE 

58.4 

11.9 

STANDARD  DEVIATION 

0.6 

0.0 
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TABLE  L7 


FRACTURE  TOUGHNESS  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5”  X  48”  X  48”) 


COMPANY 

ORIENTATION 

KIC 

Kq 

COMMENT 

(KSI  inA0.5)  (RSI 

inA0.5) 

MARTIN 

L  -  T 

33.8 

INVALID ( 1 ) 

MARIETTA/ 

31.1 

INVALID (1) 

LOUISIANA 

37.4 

INVALID ( 1 ) 

AVERAGE 

34.1 

STANDARD  DEVIATION 

3.2 

(1):  SPECIMEN 

SIZE  TOO  SMALL 

TABLE  L8 

FRACTURE  TOUGHNESS  RESULTS  FOR 

ALCOA 

2091-T8  PLATE  (0.5”  X  48"  X  48") 

COMPANY 

ORIENTATION 

KIC 

Kq 

COMMENT 

(KSI  inA0.5)  (KSI 

inA0.5) 

MARTIN 

T  -  L 

34.0 

INVALID (1) 

MARIETTA, 

37.8 

INVALID(l) 

LOUISIANA 

37.4 

INVALID ( 1} 

AVERAGE 

36.4 

STANDARD  DEVIATION  2 . 1 


(l)t  SPECIMEN  SIZE  TOO  SMALL 
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TABLE  L9 


R-OuQS 

%O.L 


POST-OVERLOAD  FATIGUE  TEST  RESULTS  for  2091-T8 
0.5  INCH  PLATE  and  2091-T83  0.144  INCH  PLATE 


LAB  AIR  <Wte.K-44U(ta)~.S  ONE  OVERLOAD  CYCLE  APPLIED 


a*M0O.L. 

DELAY  CYCLES 

NW 

Pd/PflHK 

OMnAwO 

Ocio~-3| 

PLATE 

SPECIMEN 

THICKNE8S  • 

0.250* 

0488 

OAoe 

0.184 

171.7 

0463 

0,480 

0.180 

140.7 

0 488 

0l440 

0414 

804 

OJBOO 

0488 

0480 

884 

PLATE 

SPECIMEN 

THICKNESS  > 

0.140* 

0401 

0448 

0087 

mt 

0.447 

0408 

0486 

arraat 

0.407 

0438 

0.136 

1374 

0418 

0440 

0478 

MIMt 

0.484 

0484 

0467 

8814 

0408 

0447 

0.148 

128.7 

0441 

0400 

0.140 

724 

0454 

0483 

0.120 

884 

0488 

0474 

0.107 

714 

SHEET 

SPECIMEN 

THICKNESS 

•  0.140* 

0484 

0418 

1427 

134 

0478 

0411 

0488 

314 

0414 

0408 

2436 

174 

0415 

0401 

1481 

18.7 

0448 

0.483 

1.133 

304 

0488 

048 

2486 

134 

0.400 

0413 

2431 

224 

0447 

0448 

1424 

144 

0418 

0478 

3.143 

114 

0474 

0444 

3427 

104 
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DELAY  KILOCYCLES 


200 


Al  2091-T8 

I  4 
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>- 

< 

—1 

UJ 

Q 


;  Al  2091-T8  plate 

-  80*  Overload 
50-  AK  =  6  KSIvfn 

-  Thickness, B  =  0.25  in 
I  R=  0.05 

-  15  hz. 

I  72°F 

-  Lab  air 

0  I  i  i  i  i  i  nTi  |  i  i  i  i  i  i  i  i  i  |  i  1 1  i  i  1 1  i  i  |  i  i  1 1  i 

0.30  0.40  0.50  0.60 

a/W 


FIGURE  L2.  Delay  Cycles  Due  to  Fatigue  Crack  Growth 

Retardation  for  an  80  Percent  Overload  Cycle  at 
a  Stress  Intensity  Range  of  6  KStfn,  in  2091-T81 
Plate,  with  a  Specimen  Thickness  of  0.250  Inch. 
Air  Force. 


ttt| 

0.70 
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TABLE  LI  0 

POST-OVERLOAD  RECOVERY  EXTENSION 
IN  2091  PLATE  AND  SHEET 


tOMtnr-S  OmOMrioodCy'MAppfed 

181s.  LMAJr  R-86  CnofcHpPMtoJtoiw«OjOM#n) 


daMNOOX.  AO 

Dllim  W» 

PMtOX.RM0Miy 

•/* 

PH 

■Me  Zone? 

<W8AM 

PLATE  (850  in.  Me*) 

60  PERCENT  OVERLOAD 

ojsea 

0.164 

YM 

0820 

0.463 

0.188 

Ym 

0.025 

0858 

0.414 

YM 

0825 

0.600 

0888 

Ym 

0815 

PLATE  (.144  in.  Mck) 

80  PERCENT  OVERLOAD 

0.401 

0807 

Ym 

MMt 

0.447 

0886 

No 

■VMt 

PLATE  (.144  *1.  MCK) 

60  PERCENT  OVERLOAD 

0.407 

0.135 

No 

0815 

0.419 

0876 

No 

MMt 

0.464 

0867 

No 

0824 

0802 

0.148 

No 

0816 

0.541 

0.140 

NO 

0815 

0.654 

0.120 

NO 

0808 

0.606 

0.107 

Ym 

0816 

8HEET  (.144  In.  Mck) 

60  PERCENT  OVERLOAD 

0846 

1827 

Ym 

0816 

0876 

0886 

Ym 

0815 

0814 

2.436 

Ym 

0842 

0815 

1861 

Ym 

0820 

0848 

1.133 

No 

0820 

0868 

2.486 

Ym 

0826 

0.400 

3831 

Ym 

0825 

0.447 

1824 

Ym 

0816 

0816 

1.143 

No 

0820 

0874 

3827 

Ym 

0826 

401 


60  PERCENT  OVERLOAD 
2091-T83  SHEET 
L330L60B 


10  I  »  i  »  »  i  ti  >  i  p  i  »  i  i  i  i  i  i "H  )  rr  i  i  i  rrp  i  »  i  i  1 1  »  >  |  i  »  r  i 

-0.05  -0.03  -0.01  0.01  0.03 

crack  extension  after  overload 


FIGURE  L4.  Crack  Velocity  Post-Overload  Crack  Extension 
for  Alloy  209 1-T83  Sheet. 

Air  Force. 


nriil 

0.05 

(in) 


crack  extension  after  overload  (in) 


FIGURE  L5.  Crack  Velocity  Versus  Post-Overload  Crack  Extension 
for  Alloy  2091-T81  Plate  0.144  Inch  Thick  Specimen. 
Air  Force. 


80  PERCENT  OVERLOAD 
2091-T8  PLATE 
LT40L80C 


crack  extension  after  overload  (in) 


FIGURE  L6.  Crack  Velocity  Versus  Post-Overload  Crack  Extension 
for  Alloy  2091 -T81  Plate  0.250  Inch  Thick  Specimen. 
Air  Force. 


APPENDIX  M 

8090-T8  Hat  Extrusion  and  8090-T8771  L-Extrusion 


INTRODUCTION 

The  Alcoa  8090- T8  hat  extrusions  and  8090-T8  L-extrusions  were  received  September 
1991.  The  dimensions  of  the  8090-T8  hat  and  L-Extrusions  are  shown  in  Figure  Ml  and  Figure 
M2  respectively.  The  L-extrusion  had  to  be  cut  to  achieve  the  T8  condition,  therefore  making  a 
thin  and  a  thick  piece.  The  L-extrusion  was  received  in  two  pieces  (0.60"  x  4.00"  x  length  and 
1.55"  x  1.55"  x  length). 


TESTING 

Mechanical  properties,  (tension,  compression,  bearing,  shear,  and  fracture  toughness) 
fatigue  and  constant  amplitude  fatigue  crack  growth  tests  were  tested  according  to  ASTM 
standards,  unless  otherwise  specified. 

Spectrum  tests  were  performed  by  the  Air  Force  using  FALSTAFF  (a  severe  fatigue 
environment)  and  Mini-TWIST  (a  moderately  intense  fatigue  environment)  spectrums. 
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0.79 


1.58 


0.157  outside  rad. 
<typ.) 


ALL  DIMENSIONS  ARE  IN  INCHE8 

FIGURE  Ml.  8090-T8  HAT  EXTRUSION  GEOMETRY. 


ALL  DIMENSIONS  ARE  IN  INCHES 


FIGURE  M2.  8090-T8  L-EXTRUSION  GEOMETRY. 
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TABU  Ml 


COMPANY 


ARMY-MTL 


COMPANY 


ARMY-MTL 


TEMSIU  RESULTS  AT  t/2  LOCATION  PON 
ALCOA  8090-T8  HAT  EXTRUSION 


TEST 

ORIENT¬ 

ULTIMATE 

TEMP 

ATION 

STRENGTH 

(DEGREES  F) 

<K8I) 

RT 

LONG 

62.5 

62.8 

63.3 

63.5 

62.8 

62.9 


AVERAGE  62.9 


STANDARD  DEVIATION  0.4 


YIELD 

STRENGTH 

(RSI) 

BLOMG 

<%> 

RA 

(%> 

COMMENT 

55.4 

4.1 

3.9 

TOP 

56.0 

5.5 

5.7 

TOP 

55.6 

5.1 

5.5 

TOP 

56.7 

4.3 

5.9 

TOP 

55.9 

4.7 

5.3 

TOP 

56.3 

3.8 

4.5 

TOP 

56.0 

4.6 

5.1 

0.4 

0.6 

0.8 

TABU  M2 

TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8  HAT  EXTRUSION 


TEST 

ORIENT¬ 

ULTIMATE 

TEMP 

ATION 

STRENGTH 

(DEGREES  P) 

(KSI) 

RT 

LONG 

64.1 

63.4 

64.3 

63.5 

63.1 

61.9 

AVERAGE  63 . 4 

STANDARD  DEVIATION  0.9 


YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(*) 

COMMENT 

56.6 

4.5 

4.1 

BOTTOM 

57.1 

3.3 

3.6 

BOTTOM 

54.7 

5.0 

5.3 

BOTTOM 

56.3 

5.7 

5.9 

BOTTOM 

55.9 

3.5 

4.2 

BOTTOM 

55.4 

4.2 

6.5 

BOTTOM 

56.0 

4.4 

4.9 

0.9 

0.9 

1.1 
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TABLE  M3 


TSNSXLS  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8  HAT  EXTRUSION 


COMPANY 


ARMY-MTL 


TEST 

TEMP 

(OBORBB8  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(MSI) 

YIELD 

STRENGTH 

<MI> 

ELONG 

<%> 

RA 

<%> 

COMMENT 

RT 

LONG 

64.0 

55.7 

5.6 

5.8 

SIDE 

64.3 

56.9 

4.1 

4.2 

SIDE 

64.1 

57.0 

4.8 

5.7 

SIDE 

64.7 

57.4 

4.5 

4.1 

SIDE 

65.2 

57.8 

5.5 

3.7 

SIDE 

64.5 

57.3 

S.5 

4.6 

SIDE 

AVERAGE 

64.5 

57.0 

5.0 

4.7 

STANDARD  DEVIATION 

0.4 

0.7 

0.6 

0.9 
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TABLE  H4 


COMPANY 


ARKY-MTL 


COMPANY 


ARMY-MTL 


BKARING  RESULTS  TOR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION  «/0  BEARING  BEARING  COMMENT 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

LONG  l.S 

85.9 

74.2 

TOP 

87.5 

73.4 

TOP 

85.6 

75.2 

TOP 

AVERAGE 

86.3 

74.3 

STANDARD  DEVIATION 

1.0 

0.9 

TABLE  MS 

BEARING  RESULTS  FOR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

COMMENT 

LONG  1.5 

91.7 

81.6 

SIDE 

95.4 

80.9 

SIDE 

93.2 

80.1 

SIDE 

AVERAGE 

93.4 

80.9 

STANDARD  DEVIATION 

1.9 

0.7 
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TABLE  M6 


COMPANY 


ARMY-MTL 


COMPANY 


ARMY-MTL 


BEARING  RESULTS  FOR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

COMMENT 

LONG 

2.0 

98.9 

78.6 

TOP 

104.0 

82.5 

TOP 

106.2 

81.5 

TOP 

AVERAGE 

103.0 

80.9 

STAND ART 

DEVIATION 

3.7 

o 

• 

CM 

TABLE  M7 

BEARING  RESULTS  FOR  ALCOA 
8090-T8  HAT  EXTRUSION 

ORIENTATION  «/D  BEARING  BEARING  COMMENT 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

LONG  2.0 

116.3 

89.0 

SIDE 

111.6 

89.0 

SIDE 

112.9 

89.9 

SIDE 

AVERAGE 

113.6 

89.3 

STANDARD  DEVIATION 

2.4 

0.5 
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TABLE  MS 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L*  EXTRUSION 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

n 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

<*> 

B 

(MSI) 

ARMY-MTL 

RT 

LONG 

76.0 

69.6 

2.8 

10.9 

68.8 

57.5 

3.2 

11.0 

70.8 

58.0 

4.7 

11.3 

69.8 

58.0 

5.2 

11.1 

69.4 

59.0 

3.4 

10.8 

69.4 

58.0 

4.1 

11.3 

MARTIN 

RT 

LONG 

72.1 

64.9 

5.0 

4.9 

(1) 

MARIETTA, 

LA 

70.3 

60.1 

6.0 

6.3 

(1) 

70.4 

59.6 

5.0 

3.3 

(1) 

79.5 

76.8 

5.0 

4.1 

(2) 

79.5 

76.3 

3.0 

3.9 

(2) 

78.9 

76.8 

5.0 

4.1 

(2) 

AVERAGE 

73.0 

64.8 

4.6 

4.4 

11.1 

STANDARD 

l  DEVIATION 

4.4 

8.4 

0.9 

1.0 

0.2 

(1) :  THICK  SECTION 

(2) :  THIN  SECTION 
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TABLE  M9 


TINS I LX  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


COMPANY 

TEST 

TEMP 

(DEGRESS  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

(*> 

RA 

(*) 

E 

(MSI) 

ARMY-MTL 

RT 

L  TRANS 

68.2 

52.8 

6.3 

11.0 

68.4 

53.8 

5.0 

10.8 

68.6 

53.0 

6.5 

10.6 

68.0 

52.5 

6.5 

10.3 

67.5 

54.0 

4.1 

11.0 

68.5 

53.5 

5.9 

10.8 

(1) 

(1) 

(1) 


AVERAGE 

68.7 

53.9 

6.4 

9.3 

10.8 

STANDARD  DEVIATION 

0.9 

1.1 

1.4 

1.5 

0.3 

(l)t  THIN  SECTION 


MARTIN 

RT 

L  TRANS 

69.9 

55.1 

8.0 

11.0 

MARIETTA,  LA 

69.6 

55.4 

7.0 

8.0 

70.0 

55.2 

8.5 

9.0 
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TABLE  M10 


TINS ILK  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

r ) 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(RSI) 

ELONO 

<%> 

RA 

<%> 

B 

(HSI) 

ARMY-MTL 

RT 

S  TRANS 

66.5 

51.0 

6.0 

9.9 

58.3 

43.0 

8.0 

9.6 

67.0 

52.0 

8.0 

9.8 

AVERAGE 

63.9 

48.7 

7.3 

9.8 

STANDARD 

DEVIATION 

4.9 

4.9 

1.2 

0.2 
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TABLE  Mil 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(MI) 

MOOULUS 

(X8I) 

ARMY-MTL 

RT 

LONG 

65.3 

10.6 

54.6 

10.4 

53.8 

11.1 

61.7 

9.9 

52.8 

11.9 

53.9 

10.8 

MARTIN 

RT 

LONG 

49.8 

11.5  (1) 

MARIETTA,  LA 

43.4 

(1) 

50.0 

11.9  (1) 

54.1 

11.9  (2) 

47.9 

11.8  (2) 

47.7 

11.8  (2) 

AVERAGE  52.9  11.2 

STANDARD  DEVIATION  6.0  0.7 


(1) t  THICK  SECTION 

(2) :  THIN  SECTION 
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TABLE  M12 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  P) 

YIELD  STRENGTH 
(ESI) 

MOOULU8 

(RSI) 

ARMY-MTL 

RT 

L  TRANS 

58.2 

9.5 

59.9 

11.9 

58.8 

13.4 

55.7 

11.8 

58.1 

11.3 

64.7 

8.9 

MARTIN 

RT 

L  TRANS 

52.0 

11.9  (1) 

MARIETTA,  LA 

49.8 

11.7  (1) 

49.8 

11.8  (1) 

AVERAGE  S6.3  11.4 

STANDARD  DEVIATION  5.0  1.4 


(1):  THICK  SECTION 
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TABLE  M13 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090— T8771  aL"  EXTRUSION 


COMPANY 


TEST 

TEMPERATURE 
(DEGREES  F) 


ORIENTATION 


COMPRESSIVE  COMPRESSIVE 
YIELD  STRENGTH  MODULUS 

(RSI)  (ESI) 


ARMY-MTL 


S  TRANS 


51.5 

52.0 

52.0 


MARTIN 
MARIETTA,  LA 


S  TRANS 


11.7  (1) 

11.8  (1) 

11.4  (1) 


AVERAGE 


51.0 


STANDARD  DEVIATION 


(l)t  THICK  SECTION 


TAILS  Ml* 


RIVST  SHEAR  RESULTS  FOR  ALCOA 
8090-T8771  "L"  EXTRUSION 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(RSI) 


ARMY-MTL 

LONG 

40.7 

41.4 

45.0 

39.6 

41.4 

39.9 

AVERAGE 

41.3 

STANDARD  DEVIATION 

2.3 

TABLE  M15 

RIVET  SHEAR  RESULTS  FOR  ALCOA 

8090— T8771  "L*  EXTRUSION 

COMPANY 

ORIENTATION 

SHEAR 
STRENGTH 
(KSI ) 

ARMY-MTL 

L  TRANS 

38.3 

37.5 

35.5 

38.7 
38.0 

36.8 

AVERAGE  37.5 

STANDARD  DEVIATION  1.4 


417 


TABLE  M16 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


COMPANY  ORIENTATION  KIC  Xq  COMMENT 

(lCSI  in“0.5)  (KSI  in "‘0.5) 


ARMY-MTL  L-T 

MARTIN  L-T 

MARIETTA,  LA 

AVERAGE 
STANDARD  DEVIATION 

(1):  INVALID  DUE  TO  B  <  2.5(KQ/Fty) 


31.9 

(1) 

32.9 

(1) 

30.2 

(1) 

29.0 

(1) 

33.1 

(1) 

38.5 

(1) 

36.3 

36.3  32.6 

3.3 
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TABLE  Ml 7 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  8090-T8771  "L“  EXTRUSION 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(ESI  in-0.5)  (ESI  in-0.5) 


ARMY-MTL 


T-L 


29.8  (1) » (2) 

28.9  <1),(2) 

30.8  <1),<2) 

30.2  (1) # (2) 

30.9  <1),<2) 


MARTIN  T-L  20.2 

MARIETTA#  LA  19.7 

18.0 


AVERAGE  19.3  30.1 

STANDARD  DEVIATION  1.2  0.8 

(1) :  INVALID  DUE  TO  Pmax/Pq  >  1.10 

(2)  :  INVALID  DUE  TO  B  <  2.5(EQ/Pty)-2 
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TABLE  M18 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  8090— T8771  "L"  EXTRUSION 


COMPANY  ORIENTATION  KIC  Kq 

(ESI  inA0.5)  (ESI  in* 0.5) 


ARNY-MTL  S-L  22.6 

22.6 

22.7 

22.4 
22.3 

21.5 


AVERAGE  22.4 

STANDARD  DEVIATION  0.4 


TABLE  N19 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


COMPANY  ORIENTATION  KIC  Kq 

(KSI  in*0.5)  ( KSI  inA0.5) 


MARTIN  S-T  19.2 

MARIETTA,  LA  21.7 

20.9 


AVERAGE  20.9  20.5 


STANDARD  DEVIATION 


1.8 


(1):  INVALID  DUE  TO  Pmax/Pq  >  1.10 


COMMENT 


COMMENT 


(1) 

(1) 
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TABLE  M20 


FATIGUE  RESULTS  WITH  R-O.l  AND  Kt-1.0  FOR 
ALCOA  8090-T8771  *L"  EXTRUSION 


COMPANY 

ORIENTATION 

STRESS 

(RSI) 

CYCLES 

ARMY-MTL 

LONG 

47.5 

30*000 

39.3 

164,000 

30.1 

1*411,000 

28.0 

3*639,000 

27.8 

171,000 

27.5 

11,787,000 

26.2 

10,382,000 

(*) :  RUN  OUT 
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Max  Stress  (KSi) 


Cycles  to  Failure,  Nf 


FIGURE  M3.  FATIGUE  RESULTS  FOR  8090-T8  771 
L-EXTRUSION  (R-0.1  AND  Kt-1.0). 
Army. 
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Fatigue  Crack  Growth  Rate  tor  8090-T8 
Extrusion,  L-T  Orientation 


FIGURE  M4.  FATIGUE  CRACK  GROWTH  RATES  for 
8090-T8771  L-Extnjsion  (L-T  Orientation). 
Martin  Marietta. 
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dm/dN,  inch/cyd* 


FIGURE  M6.  FATIGUE  CRACK  GROWTH  RATES  for 
8090-T8771  L-EXTRUSION 
(S-T  Orientation). 

MARTIN  MARIETTA. 
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APPENDIX  N 


INTRODUCTION 


7064-T74511  EXTRUSION 
rX4"X48" 


The  Kaiser  P/M  aluminum  alloy  7064-T74511  I"x4"x48"  extrusions  were  received  in 
December  1986.  The  7064  extrusions  were  tested  by  LTV,  Martin  Marietta  and  the  Air  Force. 


TESTING 

Mechanical  properties  (tension,  compression,  shear,  bearing  and  fracture  toughness), 
fatigue,  and  constant  amplitude  fatigue  crack  growth  tests  were  generated  according  to  ASTM 
standards,  unless  otherwise  specified. 

Spectrum  fatigue  crack  growth  rate  tests  were  performed  by  the  Air  Force  using 
FALSTAFF  (a  severe  fatigue  environment)  and  Mini-TWIST  (a  moderately  intense  fatigue 
environment)  spectrums. 


426 


d 


TABLE  N1 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T74S11  EXTRUSION 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

T) 

ULTIMATE 
STRENGTH 
(ESI ) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

(%> 

RA 

<%> 

MODULUS 

(MSI) 

LTV 

RT 

LONG 

8S.8 

79.4 

12.2 

21.6 

10.0 

87.5 

81.7 

12.3 

19.3 

9.7 

87.7 

82.2 

14.3 

22.3 

10.3 

AIR  FORCE 

RT 

LONG 

82.2 

75.8 

10.5 

18.0 

80.7 

73.9 

11.3 

24.3 

81.2 

74.7 

12.0 

25.6 

MARTIN 

RT 

LONG 

91.6 

86.5 

18.0 

27.5 

9.8 

MARIETTA, 

90.5 

85.3 

20.0 

30.6 

9.4 

LOUISIANA 

90.2 

85.0 

19.0 

31.0 

9.7 

AVERAGE 

86.4 

80.5 

14.4 

24.5 

9.8 

STANDARD 

DEVIATION 

4.2 

4.8 

3.6 

4.6 

0.3 

TABLE  N2 

TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T74511  EXTRUSION 

COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  ELONG  RA  MODULUS 

TEMP  ATION  STRENGTH  STRENGTH  (t)  («)  (MSI) 


(DEGREES  F) 

(ESI) 

(ESI) 

LTV 

RT 

L  TRANS 

83.0 

76.6 

9.0 

11.8 

9.2 

85.3 

79.6 

8.5 

19.1 

10.4 

85.5 

80.2 

11.0 

22.7 

10.4 

AIR  FORCE 

RT 

L  TRANS 

79.2 

72.8 

10.0 

21.6 

78.3 

72.0 

10.7 

25.6 

79.1 

72.6 

11.3 

27.8 

MARTIN 

RT 

L  TRANS 

88.8 

82.7 

8.0 

7.8 

10.7 

MARIETTA, 

89.2 

83.2 

9.0 

2.0 

10.1 

LOUISIANA 

88.0 

82.7 

10.0 

16.1 

9.7 

AVERAGE 

84.0 

78.0 

9.7 

17.2 

10.1 

STANDARD  DEVIATION 

4.3 

4.6 

1.2 

8.6 

0.5 
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TABLE  N3 

COMPRESSION 

RESULTS  AT  t/2 

LOCATION 

FOR 

KAISER 

7064-T74511 

EXTRUSION 

COMPANY 

TEST  ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MOOULUS 

(DEGREES  F) 

(KSI) 

(MSI) 

LTV 

RT 

LONG 

97.4 

14.8 

79.8 

10.3 

83.0 

11.8 

AIR  FORCB 

RT 

LONG 

83.3 

81.6 

82.5 

MARTIN 

RT 

LONG 

87.1 

11.1 

MARIETTA, 

86.0 

11.1 

LOUISIANA 

86.9 

11.1 

AVERAGE 

85.3 

11.7 

STANDARD  DEVIATION 

5.2 

1.6 

TABLE  N4 

COMPRESSION 

RESULTS  AT  t/2 

LOCATION 

FOR 

KAISER 

7064-T74511 

EXTRUSION 

COMPANY 

TEST  ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(MSI) 

LTV 

RT 

L  TRANS 

82.7 

10.8 

82.9 

11.8 

82.8 

11.2 

AIR  FORCE 

RT 

L  TRANS 

83.3 

81.8 

84.1 

MARTIN 

RT 

L  TRANS 

87.3 

11.4 

MARIETTA, 

86.1 

11.3 

LOUISIANA 

86.6 

11.9 

AVERAGE 

84.2 

11.4 

STANDARD  DEVIATION 

2.0 

0.4 
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TABLE  NS 


IOSIPESCU  SHEAR  RESULTS  FOR 
KAISER  7064-T74S11  EXTRUSION 


COMPANY  ORIENTATION  ULTIMATE 

STRENGTH 

(KSI) 


LTV 

LONG 

49.7 

S1.0 

50.9 

AVERAGE 

SO.S 

STANDARD  DEVIATION 

0.7 

COMPANY 

TABLE  N6 

IOSIPESCU  SHEAR  RESULTS  POR 

KAISER  7064-T74511  EXTRUSION 

ORIENTATION 

ULTIMATE 

STRENGTH 

(KSI) 

LTV 

L  TRANS 

50.4 

49.8 

50.2 

AVERAGE 

50.1 

STANDARD  DEVIATION 

0.3 
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TABLE  N7 


COMPANY 


LTV 


BEARING  RESULTS  FOR  KAISER 
7064-T74511  EXTRUSION 


ORIENTATION  a/D  BEARING  BEARING 


ULT.  STR. 
(KSI) 

YIELD  STR. 
(KSI) 

LONG  1.5 

124.5 

93.9 

134.4 

111.9 

129.8 

108.2 

AVERAGE 

129.6 

104.7 

STANDARD  DEVIATION 

5.0 

9.5 
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TABLE  M8 


COMPANY 


LTV 


AIR  FORCE 


COMPANY 


AIR  FORCE 


BEARING  RESULTS  FOR  KAISER 
7064-T74511  EXTRUSION 


ORIENTATION  */D  BEARING  BEARING 


ULT.  STR. 
(ESI) 

YIELD  STR. 
(ESI) 

LONG  2.0 

159.5 

122.7 

169.5 

122.2 

160.8 

117.0 

LONG  2 . 0 

163.5 

139.5 

166.7 

125.3 

162.3 

120.0 

AVERAGE 

163.7 

124.5 

STANDARD  DEVIATION 

3.8 

7.9 

TABLE  N9 

BEARING  RESULTS  FOR  KAISER 
7064-T7451I  EXTRUSION 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(ESI) 

L  TRANS 

2.0 

164.2 

123.8 

159.3 

114.7 

163.5 

115.6 

AVERAGE 

162.3 

118.0 

STANDARD 

DEVIATION 

2.7 

5.0 
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TABLE  N10 


FRACTURE  TOUGHNESS  RESULTS  FOR 
KAISER  7064-T74S11  EXTRUSION 


COMPANY 

ORIENTATION 

KIC 

(KSI  IN*0. 5) 

Kq 

(KSI  INA0. 5) 

COMMENT 

LTV 

L-T 

32.6 

(1) 

33.  S 

(1) 

29.6 

(1) 

AIR  FORCE 

L-T 

29.5 

(2) 

27.9 

(2) 

28.8 

(2) 

MARTIN 

L-T 

24.2 

VALID 

MARIETTA, 

26.3 

(3) 

LOUISIANA 

25.2 

(3) 

AVERAGE 

24.2 

29.2 

STANDARD  DEVIATION 

2.8 

(1) :  INVALID  DUE  TO  TEST  SPECIMEN  FRACTURE  SURFACE 

VIOLATED  KIC  REQUIREMENTS 

(2) :  INVALID  DUE  TO  SURFACE  CRACK  LENGTH/AVERAGE  CRACK  LENGTH  >1.1 

(3)  <  INVALID  DUE  TO  CRACK  SIZE  DID  NOT  EXCEED  PLASTIC  ZONE  SIZE 
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TABLE  Nil 


FRACTURE  TOUGHNESS  RESULTS  FOR 
XAISER  7064-T74511  EXTRUSION 


COMPANY 

ORIENTATION 

KIC 

(KSI  IN-0.5) 

Kq 

(KSI  IN-0. 5) 

COMMENT 

LTV 

T-L 

24.6 

VALID 

25.0 

VALID 

25.2 

VALID 

AIR  FORCE 

T-L 

23.5 

VALID 

24.1 

VALID 

23.8 

VALID 

MARTIN 

T-L 

10.2 

(1) 

MARIETTA, 

17.1 

LOUISIANA 

17.1 

AVERAGE 

22.6 

10.2 

STANDARD  DEVIATION 

3.4 

(1):  INVALID  DUE  TO  PRECRACK  I NG  LOADS  WERE  TOO  HIGH 
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TABLE  N12 


FATIGUE  RESULTS  WITH  Kt-1.0  AND  R-O.l  FOR 
KAISER  7064-T74S11  EXTRUSION 


COMPANY 


LTV 


ORIENTATION 


LONG 


LIMIT 

STRESS 

(KSI) 

CYCLES  TO 
FAILURE 

65.6 

13,900 

65.0 

1,800 

56.6 

23,400 

47.9 

49,900 

47.9 

75,700 

47.8 

318,100 

# 

45.0 

6,500 

43.5 

2,000,000 

* 

39.4 

38,500 

39.1 

93,100 

# 

37.0 

193,900 

35.0 

113,000 

30.0 

800,000 

* 

25.2 

2,300,000 

• 

(*)t  INDICATES  A  RUN  OUT  TEST 

(#):  INDICATES  SPECIMEN  FAILED  IN  THE  THREADS 
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TABLE  N13 


FATIGUE  RESULTS  WITH  Kt«3.0  AND  R-O.l  FOR 
XAISER  7064-T74511  EXTRUSION 


COMPANY  ORIENTATION  LIMIT 

STRESS 

(RSI) 


CYCLES  TO 
FAILURE 


43.5 

5  >100 

34.8 

10 >800 

32.6 

19 ,700 

31.3 

23,500 

30.5 

66,200 

28.3 

39,300 

26.1 

56,700 

26.1 

40,400 

24.4 

72,000 

23.9 

3,000,000 

* 

23.5 

1,998,100 

21.8 

2,000,000 

* 

21.7 

3,000,000 

* 

20.0 

2,000,000 

* 

17.4 

3,000,000 

* 

(*) t  INDICATES  A  RUN-OUT  TEST 
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Max  Stress  (KSI) 


1E+3  1E+4  1E*5  1E+4  1E+7 

Cycles  to  Failure,  Nf 


FIGURE  N1 .  FATIGUE  RESULTS  FOR  7064-T7451 1  EXTRUSION 
(LONGITUDINAL  ORIENTATION).  LTV. 
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da/dn  (in. /cycle) 


(MPa  f m) 

10  100 


Delta  K  CKSI  fin) 


FIGURE  N2.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  Two 
7064-T74511  Extrusion  Specimens. 

(L-T  ORIENTATION). 

AIR  FORCE.  437 


<nm/cycle> 


da/dn  (in. /cycle) 


FIGURE  N3.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  Two 

7064-T7451 1  Extrusion  Specimens. 

(T-L  ORIENTATION). 

AIRFORCE. 
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FIGURE  N4.  Mini-TWIST  Spectrum  Fatigue  Crack  Length  vs  Fights  Data  for  7064-T7451 1 


qht> 


2.500 


on 


(S3H0NI)  02  'H13N31  X0V83 
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FIGURE  N6.  FALSTAFF  Spectrum  Fatigue  Crack  Length  vs  Flights  Data  tor  7064-T7451 1 


qht> 


APPENDIX  O 


7064-T74  HAND  FORGING 
1.6"X4"X18" 


INTRODUCTION 

The  Kaiser  P/M  aluminum  alloy  7064-T74 1.6"x4"xl8M  forgings  were  received  in 
December  1986.  Forged  7064  was  tested  by  Lockheed,  LTV,  Martin  Marietta,  McDonnell 
Aircraft  Company,  and  die  Air  Force. 


TESTING 

Mechanical  properties  (tension,  compression,  shear,  bearing  and  fracture  toughness), 
fatigue,  and  constant  amplitude  fatigue  crack  growth  tests  were  generated  according  to  ASTM 
standards,  unless  otherwise  specified. 

Spectrum  fatigue  crack  growth  rate  tests  were  performed  by  the  Air  Fence  using 
FALSTAFF  (a  severe  fatigue  environment)  and  Mini-TWIST  (a  moderately  intense  fatigue 
environment)  spectrums. 
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TAILS  01 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T74  BAND  FORCINGS 


COMPANY 

TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KflX) 

YIELD 

STRENGTH 

(MX) 

ELONG 

<%> 

RA 

(*> 

MODULUS 

(MSI) 

MCAXR, 

RT 

LONG 

80.0 

74.0 

13.0 

ST.  LOUIS 

80.0 

73.0 

14.0 

81. 5 

75.0 

11.0 

80.5 

74.0 

13.0 

LOCKHEED, 

RT 

LONG 

77.2 

69.7 

9.9 

GEORGIA 

81.9 

75.0 

11.2 

81.0 

75.2 

10.5 

84.9 

79.0 

10.6 

81.5 

74.7 

10.2 

81.1 

74.1 

10.1 

80.0 

74.0 

10.1 

84.1 

78.4 

9.9 

80.6 

73.6 

10.3 

80.5 

74.3 

10.1 

MARTIN 

RT 

LONG 

79.5 

71.4 

5.0 

41.6 

10.1 

MARIETTA, 

79.4 

70.9 

12.0 

44.0 

10.2 

LOUISIANA 

78.6 

70.6 

14.0 

37.9 

10.1 

LTV 

RT 

LONG 

80.6 

74.3 

13.3 

32.4 

9.4 

79.1 

72.6 

13.7 

29.8 

9.5 

78.7 

71.7 

15.4 

38.9 

9.5 

82.0 

75.9 

10.6 

31.0 

9.7 

AVERAGE 

80.6 

73.9 

12.3 

36.5 

10.1 

IVIATION 

1.8 

2.3 

2.8 

5.5 

0.4 

TABLE  02 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T7*  RAND  FORGINGS 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(WI) 

YIELD 

STRENGTH 

(MI) 

ELOMG 

(%> 

RA 

<%> 

M00UL08 

(MSI) 

MCAIR, 

RT 

L  TRANS 

80.0 

72.0 

8.0 

ST.  LOUIS 

80.0 

72.5 

9.0 

80.S 

73.0 

8.0 

80.0 

72.5 

8.0 

LOCKHEED, 

RT 

L  TRANS 

83.0 

77.1 

10.8 

GEORGIA 

80.2 

73.3 

9.6 

80.5 

73.7 

9.9 

78.9 

72.9 

10.0 

79.9 

73.0 

10.7 

79.9 

72.5 

9.7 

78.6 

71.8 

10.6 

79.8 

71.3 

10.6 

78.0 

71.4 

10.2 

78.9 

70.6 

10.4 

MARTIN 

RT 

L  TRANS 

78.5 

70.0 

6.0 

6.1 

10.0 

MARIETTA, 

79.2 

71.3 

8.0 

10.2 

10.0 

LOUISIANA 

77.5 

69.1 

13.0 

32.7 

10.0 

LTV 

RT 

L  TRAMS 

77.8 

70.9 

8.0 

15.3 

9.5 

78.1 

70.6 

10.0 

19.3 

9.7 

77.8 

68.8 

8.0 

11.7 

10.0 

77.2 

68.7 

7.0 

9.7 

10.3 

AVERAGE 

79.3 

71.8 

8.5 

15.0 

10.1 

VIATION 

1.3 

1.9 

1.8 

8.9 

0.4 
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TABLE  03 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT- 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELOMG 

(*) 

MCAIR, 

RT 

S  TRANS 

82.5 

77.0 

10.0 

ST.  LOUIS 

83.0 

76.5 

6.0 

81.5 

75.0 

6.0 

82.0 

76.0 

7.0 

AVERAGE 

82.3 

76.1 

7.3 

STANDARD  DEVIATION 

0.6 

0.9 

1.9 

MOO  ULUS 
(MSI) 
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TABLE  04 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(MSI) 

MCAIR, 

RT 

LONG 

75.5 

11.2 

ST.  LOUIS 

77.5 

11.5 

75.0 

10.8 

LOCKHEED, 

RT 

LONG 

76.6 

10.6 

GEORGIA 

78.0 

83.4 

10.4 

79.9 

10.6 

83.5 

78.5 

78.1 

10.5 

MARTIN 

RT 

LONG 

76.4 

11.0 

MARIETTA, 

77.2 

11.0 

LOUISIANA 

75.3 

10.9 

LTV 

RT 

LONG 

80.4 

11.5 

77.7 

11.4 

76.4 

12.5 

79.6 

11.8 

AVERAGE  78.2  11.1 

STANDARD  DEVIATION  2.5  0.6 
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TABU  05 


COMPRESS  ION  RESULTS  AT  t/2  LOCATION  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(HSI) 

MCAIR, 

RT 

L  TRANS 

75.0 

11.2 

ST.  LOUIS 

76.5 

11.8 

76.0 

11.9 

LOCKHEED, 

RT 

L  TRANS 

72.9 

GEORGIA 

80.5 

75.3 

11.2 

78.3 

11.3 

77.7 

11.1 

73.8 

9.8 

72.0 

9.7 

MARTIN 

RT 

L  TRANS 

76.4 

11.2 

MARIETTA, 

76.1 

11.1 

LOUISIANA 

76.1 

11.1 

LTV 

RT 

L  TRANS 

77.9 

11.1 

76.8 

12.0 

78.7 

11.8 

74.9 

11.7 

AVERAGE  76.2  11.2 

STANDARD  DEVIATION  2.1  0.7 


448 


TABLE  06 


SLOTTED  SHEAR  RESULTS  FOR 
KAISER  7064-T74  HAND  FORGINGS 

COMPANY  ORIENTATION 

MCAIR,  LONG 

ST.  LOUIS 

AVERAGE  49.2 

STANDARD  DEVIATION  3.8 


TABLE  07 

AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY  ORIENTATION  ULTIMATE 

STRENGTH 

(KSI) 


LOCKHEED,  L-T  50.0 

GEORGIA  51.8 

50.4 

AVERAGE  50.7 

STANDARD  DEVIATION  0.9 


ULTIMATE 

STRENGTH 

(MI) 

53.5 

47.5 

46.5 
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TABLE  08 


XOSXPESCU  SHEAR  RXSOLTS  FOR 
KAISER  7064-T74  HAND  POROXNGS 


COMPANY  ORIENTATION  ULTIMATE 

STRENGTH 

(KSI) 


uTV  LONG  50.5 

52.5 
48.0 
48.9 

51.5 

51.3 
51.7 

50.4 


AVERAGE 


50.6 


STANDARD  DEVIATION 


1.5 


TABLE  09 

IOSIPESCU  SHEAR  RESULTS  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY  ORIENTATION  ULTIMATE 

STRENGTH 

(KSI) 


LTV  L  TRANS  50.2 

51.3 

51.2 

52.7 
49.5 

53.7 

51.8 


AVERAGE  51.5 

STANDARD  DEVIATION  1.4 
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TABUS  OlO 


COMPANY 

LOCKHEED, 

GEORGIA 

LTV 


COMPANY 

LTV 


BEARING  RESULTS  FOR  KAISER 
7064-T74  HAND  FORGINGS 


ORIENTATION  «/D 

BEARING 
ULT.  STR. 
(RSI) 

BEARING 

YIELD  STR. 
(RSI) 

LONG  1.5 

137.0 

116.0 

115.0 

105.0 

139.0 

114.0 

LONG  1.5 

132.8 

112.4 

132.4 

112.1 

137.7 

115.9 

AVERAGE 

132.3 

112.6 

STANDARD  DEVIATION 

8.9 

4.1 

TABLE  Oil 

BEARING  RESULTS  FOR  KAISER 
7064-T74  HAND  FORGINGS 

ORIENTATION  e/D  BEARING  BEARING 


ULT.  STR. 
(RSI) 

YIELD  STR. 
(RSI) 

L  TRANS  1.5 

134.3 

116.6 

135.2 

114.7 

139.1 

116.5 

138.5 

117.1 

AVERAGE 

136.8 

116.2 

STANDARD  DEVIATION 

2.4 

1.1 
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TABLE  012 


BEARING  RESULTS  FOR  KAISER 
7064-T74  HARD  FORGINGS 


COMPANY 

ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

MCAIR, 

ST.  LOUIS 

LONG 

2.0 

148.0 

149.0 

143.0 

LOCKHEED, 

GEORGIA 

LONG 

2.0 

168.0 

169.0 

170.0 

LTV 

LONG 

2.0 

165.1 
170.6 

176.1 

AVERAGE 

162.1 

STANDARD 

DEVIATION 

12.0 

TABLE  013 

BEARING  RESULTS  FOR  KAISER 
7064-T74  HAND  FORGINGS 


COMPANY 

ORIENTATION 

•/D 

BEARING 
ULT.  STR. 
(KSI) 

MCAIR, 

L  TRANS 

2.0 

149.0 

ST.  LOUIS 

149.0 

151.0 

LTV 

L  TRANS 

2.0 

173.0 

172.1 

171.8 

168.1 

AVERAGE 

162.0 

STANDARD 

DEVIATION 

11.7 
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BEARING 
YIELD  STR. 
(KSI) 


117.0 

112.0 


135.0 

123.0 

126.0 

131.9 

143.1 

137.5 


128.2 

10.6 


BEARING 
YIELD  STR. 
(KSI) 


119.0 

116.0 

119.0 

135.9 

134.6 

135.0 

142.8 


128.9 

10.6 


TABLE  014 


FRACTURE  TOUGHNESS  RESULTS  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY 

ORIENTATION 

KIC 

(KSI  INA0.5) 

(KSI  INA0.5) 

COMMENT 

MCAIR, 

L-T 

24.1 

VALID 

ST.  LOUIS 

27.5 

VALID 

LOCKHEED, 

L-T 

26.0 

VALID 

GEORGIA 

29.0 

VALID 

MARTIN 

L-T 

27.2 

(1) 

MARIETTA, 

23.6 

(1) 

LOUISIANA 

LTV 

L-T 

24.1 

(2)<3) 

26.4 

(2) (3) 

29.4 

(2) 

AVERAGE 

26.7 

26.1 

STANDARD  DEVIATION 

2.1 

•M  •  •' 

(1)  :  INVALID  DUB  TO  a/W«0.552  >0.55 

(2) :  INVALID  DUE  TO  TEST  SPECIMEN  FRACTURE  SURFACE 

VIOLATED  KIC  REQUIREMENTS 

(3) :  INVALID  DUE  TO  Kmax  PRECRACK  >  0.6  Kq 
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TABLE  OIS 


FRACTURE  TOUGHNESS  RESULTS  FOR 
KAISER  7064-T74  HAND  rORQXNGS 


COMPANY 


ORIENTATION  KXC  Kq  COMMENT 

(ESI  IMA0.5)  (K8I  111*0.5) 


MCAXR, 

T-L 

17.8 

VALID 

ST.  LOUIS 

17.0 

VALID 

MARTIN 

MARIETTA, 

LOUISIANA 

T-L 

18.7 

(1) 

LTV 

T-L 

27.9 

30.2 

21.1 

(-** 

VALID 

AVERAGE 

20.9 

23.3 

STANDARD  DEVIATION 

6.1 

6.1 

(1) :  INVALID  DUE  TO  a/tt-0.S52  >  0.5S 

(2)  x  INVALID  DUE  TO  TEST  SPECIMEN  FRACTURE  SURFACE 

VIOLATED  KIC  REQUIREMENTS 

(3)  :  INVALID  DUE  TO  Kmax  P RE CRACK  >  0.6  Kq 
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TABLE  016 


FRACTURE  TOUGHNESS  RB8ULTS  FOR 
KAISER  7064-T74  HAND  FORGINGS 


COMPANY  ORIENTATION  KIC  Kq  COMMBMT 

(XSX  IN-0.5)  (K8I  IN-O. 5) 


MCAIR, 

S-T 

ST.  LOUIS 

MARTIN 

S-T 

MARIETTA, 

LOUISIANA 

AVERAGE 
STANDARD  DEVIATION 


20.3 

(1) # (2) 

19.9 

VALID 

15.8 

(1) 

14.3 

<D 

19.9 

16.8 

0.0 

3.1 

(1)  >  INVALID  DUE  TO  SURFACE  TRACE /AVERAGE  CRACK  ERROR  VALUE  >  VALID  REQ 

(2) >  AVERAGE  CRACX/W  VALUE  LESS  THAN  VALID  REQUIREMENT 
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TABU  017 


FRACTURB  TOOGHMBSS  RSSULTS  FOR 
KAIBBR  7064-T74  HAND  FOR0ZMO8 


OONPANY 

ORIENTATION 

XIC 

(KSZ  ZMA0.5) 

KQ 

(RBI  INA0. 5) 

MARTIN 

S-L 

19.3 

MARIETTA, 

16.7 

LOUISIANA 

15.0 

AVERAGE 

15.9 

19.3 

STANDARD  DEVIATION 

1.2 

0.0 

(1) 


(1)«  INVALID  DOB  TO  a/W-0.552  >  0.55 
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TABUS  018 


PATXOUB  RESULTS  NZTH  Xt-1.0  AMD  B— 1.0  KB 
KAX8SB  7064-T74  BAND  FOR0XNB 8 


COMPANY 

ORIENTATION 

LIMIT 

STRESS 

<K8I) 

CYCLES  TO 
TAILURB 

MCAXR, 

LORO 

60.0 

2,270 

ST.  LOUIS 

S5.0 

5,140 

50.0 

10,750 

45.0 

18,150 

40.0 

86,100 

35.0 

206,670 

30.0 

2,560,000 

25.0 

1,000,000 

(*)>  INDICATES  A  RUN  OUT  TEST 


TABLE  019 


FATIGUE  RESULTS  WITH  Jtt-1.0  AMD  R-0.1  FOR 
KAISER  7064-T74  BAND  FORGZNOS 


COMPANY  ORIENTATION 

LTV  LONG 


LIMIT 

STRESS 

<MX> 

CYCLES  TO 
FAILURE 

50.0 

11,600 

46.1 

15,100 

44.9 

17,400 

44.0 

12,100 

43.0 

2S,200 

42.9 

IS, 800 

41.7 

28,000 

40.9 

28,300 

40.1 

10,700 

39.7 

7,400 

36.9 

24,700 

36.0 

285,600 

35.2 

18,000 

34.4 

318,700 

33.2 

3,000,000  * 

(*)t  INDICATES  A  RUM-OUT  TEST 
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Max  Stress  (KSI) 


80 


80 


40 


20 


0 


\M  1E+4  1E+5  1E+8  1E+7 

Cycle*  to  Failure,  Nf 


FIGURE  01 .  FATIGUE  DATA  tor  7064-T74  Hand  Forgings  (Longitudinal 

Orientation  R-0.1,  Kt-1  and  Kt-3). 

LTV. 
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TABLE  020 


FATXGOB  RESULTS  WITH  Kt»3 . 0  AMO  R-O.l  TOR 
XAXSBR  7064-T74  HAND  FORCINGS 


COMPANY 


LTV 


ORIENTATION 


LONG 


LIMIT 

STRESS 

(RSI) 

CYCLES  TO 
FAILURE 

36.1 

9«800 

33.7 

9(900 

32.8 

24(500 

30.5 

18(900 

28.0 

19(600 

27.5 

17(400 

27.0 

67,100 

26.5 

368,300 

26.4 

38,100 

26.3 

138,700 

26.0 

983,800 

26.0 

3,000,000 

25.6 

1,000,000 

24.1 

1,000,000 

22.5 

55,500 

(*)  J  INDICATES  A  RUN-OUT  TEST 


Max  Stress  (KSI) 


FIGURE  02.  FATIGUE  DATA  FOR  7064-T74  HAND  FORGINGS  (LongihKinal 
Orientation,  R— 1.0,  and  Kt-1).  McDonnefl  Aircraft  Company. 
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da/dN  ( MICRO INCHES/CYCLE) 


•  DENOTES  THAT  DATA  POINT  IS  INVALID  PER  ASTM  647-S3.  PARASRAPH  S.e.4. 


FIGURE  03.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  7064-T74  Forging 
(T-L  Orientation,  WOL  Type  Specimen). 

McDonnell  Aircraft  Company. 
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7064-T74 

FORGING 


•  •  •  • 

CM  —  — •  O 


(S3H3NI)  t>2  ‘H1DN31  M3VM3 
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FIGURE  04.  MW-TWIST  Spectrum  Fatigue  Crack  Length  vs  Rights  Data  tor  7064-T74  Forging. 


crack  growth  rate  (in/flight) 


(MPa  f m  ) 


FIGURE  05.  Mini-TWIST  Spectrum  Fatigue  Crack  Growth  Rate  Data  for 
7064-T74  Forging. 

Air  Force. 
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(nm/f  Hqht) 


OOS  "1 
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FIGURE  06.  FALSTAFF  Spectrum  Fatigue  Crack  Length  vs  Flights  Data  tor  7064-T74  Forging. 


(MPa  f m  ) 


FIGURE  07.  FALSTAFF  Spectrum  Fatigue  Crack  Growth  Rate  Data  for 
7064-T74  Forging. 

Air  Force. 


APPENDIX  P 


CW67  SHEET 
0.063MX16HX48" 


INTRODUCTION 

The  Alcoa  P/M  aluminum  alloy  CW67  0.063  inch  sheets  were  received  April  1989. 
CW67  sheets  were  tested  by  Martin  Marietta  and  McDonnell  Aircraft  Company. 

TESTING 

Mechanical  properties  (tension,  compression,  shear,  bearing  and  fracture  toughness),  and 
constant  amplitude  fatigue  crack  growth  tests  were  generated  according  to  ASTM  standards, 
unless  otherwise  specified. 
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TABLE  PI 


COMPANY 


MARTIN 

MARIETTA, 

LOUISIANA 

MCDONNELL 

DOUGLAS 


COMPANY 


MARTIN 

MARIETTA, 

LOUISIANA 

MCDONNELL 

DOUGLAS 


TENSILE  RESULTS  FOR  ALCOA 


CW67  SHEET 

(0.063”  X 

16”  X  48 

■> 

TEST 

ORIENT- 

ULTIMATE 

YIELD 

ELOMG 

RA 

B 

TEMP 

ATION 

STRENGTH 

STRENGTH 

<%> 

<%> 

(MBI) 

(DEGREES  P) 

(ESI) 

(KSX) 

RT 

LONG 

81. S 

77.5 

8.0 

10.0 

9.8 

81.9 

78.7 

7.0 

10.0 

9.7 

82.9 

79.5 

6.7 

9.8 

RT 

LONG 

80.0 

77.0 

6.0 

10.0 

80.0 

77.5 

8.0 

10.4 

81.0 

78.5 

6.0 

10.0 

AVERAGE 

81.2 

78.1 

7.0 

8.9 

10.0 

STANDARD 

DEVIATION 

1.1 

0.9 

1.0 

1.9 

0.3 

TABLE  P2 


TENSILE 

RESULTS  ] 

FOR  ALCOA 

CW67  SHEET 

(0.063"  : 

K  16”  X  48 

") 

TEST 

ORIENT¬ 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(*) 

(*) 

(MSI) 

(DEGREES  F) 

(ESI) 

(KSI ) 

RT 

L  TRANS 

83.5 

80.8 

6.7 

9.9 

83.9 

82.0 

3.0 

3.3 

10.0 

83.7 

80.5 

2.0 

6.7 

10.1 

RT 

L  TRANS 

87.5 

83.0 

4.0 

10.3 

86.5 

82.0 

5.0 

10.3 

86.5 

82.0 

5.0 

10.4 

AVERAGE 

85.3 

81.7 

3.8 

5.6 

10.2 

STANDARD 

DEVIATION 

1.8 

0.9 

1.3 

2.0 

0.2 

TABU  PS 


COMPANY 


MCDONNELL 

DOUGLAS 


COMPANY 


MCDONNELL 

DOUGLAS 


COMPRESSION  RBSULTB  FOB  ALCOA 
CW67  SHEET  (0.063*  X  16*  X  46") 


TEST 

TEMPERATURE 
(DEGREES  P) 


ORIENTATION  COMPRESSIVE 

YIELD  STRENGTH 
(MX) 


COMPRESSIVE 

MODULUS 

(MSX) 


RT  LONG  11.2 

11.5 

72.0  10.3 


AVERAGE 


72.0  11.0 


STANDARD  DEVIATION  0.0  0.6 


TABU  P4 

COMPRESSION  RESULTS  FOR  ALCOA 


CW67 

SHEET  (0.063*  X 

16*  X  48") 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(MI) 

(MSI) 

RT 

L  TRANS 

10.3 

10.8 

11.2 

AVERAGE 

10.8 

STANDARD  DEVIATION 

0.5 

469 


TABU  PS 


SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
CW67  SHEET  (0.063*  X  16*  X  48") 


COMPAMY  ORIENTATION  SHEAR 

8TRBII0TH 

(KSZ) 


MCDONNELL  DOUGLAS  LONG  31.0 

30.0 

29.3 

AVERAGE  30.1 

STANDARD  DEVIATION  0.9 
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TABU  P6 


BEARING  RBS0LT8  FOR  ALCOA 
CM67  SHUT  (0.063*  X  16*  X  48*) 

COMPANY  ORXKNTATXON  «/D  BXARIMO  BXARXMG 


ULT.  STR. 
(MI) 

YIELD  STR. 
(MI) 

MCDONNELL 

LONG  1.5 

117.1 

101.3 

DOUGLAS 

124.3 

107.7 

125.  S 

111.1 

AVERAGE 

122.3 

106.7 

STANDARD  DEVIATION 

4.5 

5.0 

TABU  P7 

BEARING  RESULTS  FOR  ALCOA 
CW67  SHEET  (0.063*  X  16"  X  48*) 

COMPANY  ORIENTATION  «/D  BEARING  BEARING 


ULT.  STR. 
(MI) 

YIELD  STR. 
(MI) 

MCDONNELL 

L  TRANS  1.5 

127.1 

112.0 

DOUGLAS 

126.1 

108.9 

126.6 

112.9 

AVERAGE 

126.6 

111.3 

STANDARD  DEVIATION 

0.5 

2.1 
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TABU  pa 


BEARING  RESULTS  FOR  ALCOA 
CW67  SHEET  (0.063*  X  16”  X  48”) 

COUP  ANY  OR1XNTATIOM  m/D  BEARING  BEARING 


ULT.  STR. 
(X8Z) 

YZELD  STR. 
(K8Z) 

MCDONNELL 

LONG  2.0 

169.4 

148.8 

DOUGLAS 

162.0 

116.3 

163. S 

139.5 

AVERAGE 

165.0 

134.9 

STANDARD  DEVZATZON 

3.9 

16.7 

TABLE  P9 

BSARZNO  RS80LTS  FOR  ALCOA 
CW67  SHEET  (0.063*  X  16"  X  48") 

COMPANY  ORZBNTATZON  «/D  BEARING  BEARING 


ULT.  STR. 
(KSZ) 

YZELD  STR. 
(KSZ) 

MCDONNELL 

L  TRAMS  2.0 

166.1 

146.4 

DOUGLAS 

168.5 

146.6 

166.2 

146.4 

1 

1 

166.9 

146.5 

STANDARD  DEVZATZON 

1.4 

0.1 
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TABLE  P10 


R-CURVE  DATA  FOR  CW67  0.063  SHEET 
(SPECIMEN  32) 

McDonnell  Aircraft  Company 


SPSCIMEI  IDSITIFICATIOI < 
NATEKZAL  DESCRIPTZOi t 
SPEC I MEM  TTPIi 
SPECZMEI  OIZBITATIOI < 
YIELD  ST1BVOTH t 
SPECZMEI  TIZCKISSSt 
SPECZMEI  MZDTHi 


32 

CV67  HIGH  STREIGTR  ALOMIIOM  SHEET 
C(T)  (COMPACT  SPECZMEI) 

L-T 

77.7  ESI 
0.071  Zl 
3.900  Zl 


SPECZMEI  ZS  ZIVALZD  PEI  ASTM  E561-86,  PAEA.  7.S 


1  APPLIED 

I  LOAD 

1  (lba) 

PHYSICAL 

CHACE 

LEROTH 

(in) 

Er 

( OICORRECTSD ) 

(pal  /in) 

EFFECTIVE 

CHACE 

LIIGTH 

(in) 

Er 

(COREECTED) 

(psl  /In) 

i  1.025 

49.042 

1.591 

52,246 

I  1.050 

51.101 

1.599 

53,600 

I  1.250 

■ 

61,340 

1.649 

66,212 

I  1.325 

1 

67,502 

1.730 

74,594 

I  1.375 

1 

70,906 

1.777 

79,403 

1  1.40° 

72,406 

1.700 

01,590 

I  1.425 

74,930 

1.031 

05,575 

I  1.450 

1.630 

70,245 

1.040 

07,075 

1  1.475 

1.642 

77,762 

1.056 

90,199 

1  1.500 

1.660 

00,039 

1.094 

94,203 

I  1.525 

1.662 

01 . 493 

1.910 

96,969 

1  1.550 

1.663 

02.674 

1.924 

99,627 

§  1.500 

1.667 

05,010 

1.963 

105,034 

I  1.650 

1.670 

09,120 

2.022 

114,190 

I  1.700 

1.604 

92,202 

2.092 

124,360 

I  1.725 

1.706 

94,972 

t«i 

1  1,750 

FAIL9EI 

••• 

*•- 

~  “ 

»**  Zadleitci  that  tha  aquation  for  Kr  ( Cor r act ad)  did  not 
convarga  to  a  solution. 
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TABLE  Pit 


R-CURVE  DATA  FOR  CW67  0.063  SHEET 
(SPECIMEN  33) 

McDonneM  Aircraft  Company 


SPECIMEI  XDEITXFXCATXOI  t 
MATERIAL  DESCRIPTION 
SPEC1MER  TYPE i 
SPECIMEI  ORXEETATXOlt 
YIELD  STREIGTI  t 
SPECIMEI  THICKEESSt 
SPECIMEI  VXOTIt 


33 

CE67  BIOS  STISIGTH  ALUM I I DM  SHEET 
C(T)  (COMPACT  SPECIMEI) 

L-T 

77.7  ESI 
0.071  II 
4.002  II 


APPLIED 

LOAD 

(lbs) 

PHYSICAL 

CRACK 

LEIOTH 

(in) 

Rr 

(UICORRECTED) 

(psl  /in) 

EFFECTIVE 

CRACK 

LBEGTI 

(in) 

Kr 

(CORRECTED) 

(psl  /In) 

920 

1.509 

44.397 

1.565 

46.045 

940 

1.533 

46.066 

1.594 

47,956 

1.000 

1.545 

49.395 

1.615 

51,743 

1.020 

1.548 

50.476 

1.622 

52.997 

1.060 

1.565 

53.059 

1.646 

56.046 

1.100 

1.569 

55.166 

1.659 

56,602 

1.140 

1.573 

57,349 

1.672 

61,243 

1.180 

FAILURE 

*  m  • 
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TABLE  P12 


R-CURVE  DATA  FOR  CW67  0.063  SHEET 
(SPECIMEN  34) 

McOomett  Aircraft  Company 


SPECIMEN  IDEITIFICATIOl i 
MATEBIAL  DESCRIPTION 
SPECIN8I  TYPE i 
SPECINEI  OBIEITATXOli 
YIELD  STEEIOTH t 
SPECINEI  THICK I ESS: 
SPECINEI  WIDTH t 


34 

CW67  HIGH  STEEIOTH  ALONXION  SHEET 
C(T)  (CONPACT  SPECINEI) 

T-L 

62.3  ESI 
0.071  IH 
4.002  II 


I  APPLIED 

8  LOAD 

|  (lbs) 

PHYSICAL 

C1ACK 

LBHGTH 

(in) 

Kr 

( UICORBBCTED ) 

(psl  /in) 

EFFECTIVE 

CBACE 

LEHGTH 

(in) 

Kr 

(COBBECTED) 

(psl  /in) 

620 

1.514 

39,692 

1.553 

40.712 

640 

1.514 

40,660 

1.555 

41.761 

660 

1.516 

41.677 

1.559 

42,667 

660 

1.519 

42.754 

1.565 

44,046 

900 

1.519 

43.726 

1.567 

45,113 

920 

1.524 

44.843 

1.575 

46,348 

940 

1.524 

45,616 

1.577 

47,430 

960 

1.525 

46.611 

1.560 

48.537 

1.000 

1.525 

48,762 

1.565 

50,730 

1.020 

1.526 

49.766 

1.590 

51,092 

1.040 

1.526 

50.762 

1.593 

53,005 

1.060 

1.526 

51,738 

1.595 

54 . 125 

1.060 

1.529 

52,766 

1.601 

55,336 

1.120 

1.529 

54,741 

1.607 

57,616 

1.140 

1.532 

55.832 

1.613 

56,902 

1.160 

1.534 

56.693 

1.619 

60 . 164 

1.180 

1.534 

57,874 

1.622 

61,336 

1.160 

1.534 

57,874 

1.622 

61,336 

1.200 

1.534 

56,854 

1.626 

62,520 

1.220 

1.541 

60.117 

1.638 

64,063 

1.260 

1.544 

62,210 

1.646 

66,646 

1.280 

1.546 

63.272 

1.654 

67,979 

1.300 

1.546 

64,260 

1.659 

69,220 

1.320 

1.548 

65,321 

1.665 

70,564 

1,340 

1.562 

66,926 

1.666 

72,662 

1.360 

1.562 

66,923 

1.695 

75,318 

1.400 

1.571 

70,341 

1.711 

77,245 

1,420 

1.575 

71,552 

1.722 

78,913 

1,440 

1.578 

72.679 

1.730 

60,485 

1,460 

1.576 

73,689 

1.735 

81,907 

1,466 

FAXLOBE 

m  mum 

••• 

••• 
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TABLE  P13 


R-CURVE  DATA  FOR  CW67  0.063  SHEET 
(SPECIMEN  35) 

McDcnnel  Aircraft  Company 


SPECZMEM  XDEMTXFZCATIOMs  35 


MATES I AL  DESCEXPTXOMt 
SPEC Z MEM  TYPE* 
SPECZMEM  OSZEITATZOMi 
YZELD  ST1EIOTH : 
SPECZMEM  THXCKMBSSt 
SPECZMEM  HZOTHt 


CM67  HIGH  STBEMGTH  ALUMZMUM  SMEET 
C(T)  (COMPACT  SPECZMEM) 

T-L 

62.3  KSZ 
0.071  ZM 
4.001  ZM 


APPLIED 

LOAD 

PHYSICAL 

CSACE 

Kr 

(iiMCOSSECTED) 

EFFECTIVE 

CEACX 

xr 

(COSSECTED) 

( lba) 

(in) 

(pal  /in) 

(in) 

(pal  /in) 

860 

900 

920 

940 

960 

980 

.000 

.020 

.040 

.060 

.080 

.100 

.120 

.140 

.160 

.180 

.200 

.220 

.240 

.260 

.260 

.300 

.320 

.340 

.360 

.360 

.368 


1.505 
1.505 
1.507 
1.507 
1.507 
1.509 
509 
514 
517 
517 
521 
521 
521 
521 
1.523 
1.523 
1.523 
1.523 
1.643 
1.643 
1.643 
1.650 
1.665 
1.665 
1.671 
FAXLOSE 


38.420 

41.420 

42.363 
43.346 
44.310 
45.320 
46.284 
47.246 
46.260 
49.225 

50.363 
51 , 449 
52.419 
53.526 
54.499 
55.472 
56.445 

57.482 
58.456 
59.430 
60.405 
66.427 

67.482 
68.536 
69.917 
71.679 
72.749 
74.137 


.537 

.546 

.550 

.552 

.555 

1.559 

1.561 

1.563 

1.568 

1.570 

1.579 

1.585 

1.586 

1.595 

1.596 
1.602 
1.605 
1.610 
1.613 
1.617 
1.620 
1.765 
1.770 
1.775 
1.789 
1.813 
1.816 
1.632 


39.340 

42.565 

43.636 

44.692 

45,753 

46.671 

47,943 

49.021 

50,156 

51.246 

52.544 

53,788 

54.906 

56,191 

57,326 

56,471 

59,623 

60,860 

62,031 

63,210 

64,396 

72,199 

73,568 

74,994 

76,881 

79,365 

60,873 

62,893 


FIGURE  PI .  R-CURVE  DATA  for  CW67  0.063  Inch  Sheet  (L-T  Orientation) 
Martin  Marietta. 


EFFECTIVE  CRACK  LENGTH,  Ae  (Ae-Ao+Ap+rho) 


FIGURE  P2.  R-CURVE  EFFECTIVE  CRACK  LENGTH  ADJUSTED  for  PLASTIC  ZONE 
(L-T  Orientation). 

Martin  Marietta. 
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TABLE  P14 


R-CURVE  DATA  ASSOCIATED  WITH  FIGURES  PI  AND  P2 
(SPECIMEN  1) 


Load,  kips 

Half  Crack 

Half 

Corresponding  Fracture 

Length 

Crack  Length, 

(a)  inch 

(a  ♦  rho) 

Not  Adjusted 

Adjusted 

inch 

for  Plasticity 

0 

2.485 

2.485 

0.0 

0.0 

2.50 

2.485 

2.487 

8.3 

7.8 

4.25 

2.485 

2.490 

14.1 

13.2 

6.40 

2.500 

2.512 

21.3 

21.4 

8.45 

2.520 

2.541 

28.3 

28.4 

11.10 

2.535 

2.571 

37.3 

37.6 

13.35 

2.565 

2.619 

45.2 

45.8 

16.30 

2.615 

2.698 

55.9 

56.9 

19.25 

2.615 

2.733 

66.1 

67.7 

20.75 

2.645 

2.785 

71.8 

73.8 

21.50 

2.710 

2.866 

75.6 

77.9 

22.15 

2.710 

2.893 

78.1 

80.7 

22.60 

2.800 

2.982 

81.2 

84.0 

23.00 

2.865 

3.060 

83.9 

87.0 

22.85 

3.105 

3.327 

88.3 

92.9 

22.90 

3.365 

3.620 

94.0 

99.5 

Thickness  *  .058  inches 
Yield  Strength  =  78.6  ksi 
Specimen  Width  >15.50  inches 
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TABLE  P15 


R-CURVE  DATA  ASSOCIATED  WITH  FIGURES  PI  and  P2 
{SPECIMEN  2) 


Load,  kips 

Half  Crack 
Length 
(a),  inch 

Half 

Crack  Length 
(a  +  rho), 
inch 

Corresponding  Fracture 
Toughness,  ksi  Vinch 

Not  Adjusted  Adjusted 

for  Plasticity 

0 

2.490 

2.490 

0.0 

0.0 

2.8 

2.490 

2.492 

8.2 

7.7 

5.4 

2.490 

2.496 

15.8 

15.8 

8.2 

2.525 

2.540 

24.2 

24.3 

10.8 

2.535 

2.562 

31.9 

32.1 

13.5 

2.555 

2.597 

40.1 

40.5 

16.0 

2.555 

2.615 

47.5 

48.1 

19.3 

2.590 

2.680 

57.4 

58.9 

20.2 

2.590 

2.688 

60.5 

61.8 

21.8 

2.625 

2.742 

65.9 

67.5 

23.7 

2.685 

2.829 

72.7 

74.9 

24.4 

2.685 

2.839 

74.9 

77.2 

24.7 

2.780 

2.945 

77.6 

80.1 

25.1 

2.780 

2.951 

78.9 

81.5 

26.1 

2.870 

3.065 

83.8 

86.9 

26.5 

2.905 

3.109 

85.8 

89.1 

27.2 

2.975 

3.205 

89.6 

94.4 

27.4 

3.075 

3.321 

92.4 

97.7 

27.6 

3.100 

3.353 

93.6 

99.1 

Thickness  *  0.066  inches 
Yield  Strength  *  78.6  ksi 
Specimen  Width  «  15.50  inches 
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.01  k-01  C.OI  9-01  /-Ol  8-01 

3 TO A3 /N I  -  NQ/VO 


I  gO  2  3  4  5  6  289)0'  2  3  4  5  6289)02  2 

DELTA  K  -  KS I  t  I N  )** 1 / 2 

#6  -  I NVAL 1 0  DATA  PER  ASTM  E647-88 


FIGURE  P3.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  0.063  Sheet 

(L-T  Orientation,  R=0.t,  Lab  Air,  Room  Temperature  and  Specimen  #6) 
McDonnell  Aircraft  Company. 
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.01  c-01  ►- 0  l  5-01  g-01  /-0  I  8-01  6-01 

313AD/N I  -  NQ/VQ 


rsj 


DELTA  K  -  KS I  (IN  )** I /2 


o  »7 

*  »7  -  INVALID  DATA  PER  ASTM  E647-88 


FIGURE  P4.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  0.063  Sheet 

(L-T  Orientation,  R=0.33,  Lab  Air,  Room  Temperature  and  Specimen  #7). 
McDonnell  Aircraft  Company. 
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a  84 

»4  -  INVALID  DATA  PER  ASTM  E647-88 

FIGURE  P5.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  0.063  Sheet 

(T-L  Orientation,  R=0.1,  Lab  Air,  Room  Temperature  and  Specimen  #4) 
McDonnell  Aircraft  Company. 


.01  1-01  c- 0 1  9-01  / _ 0 1  8-01  6-01 
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«5  -  INVALID  DATA  PER  ASTM  E647-88 


FIGURE  P6.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  0.063  '  Sheet 

(T-L  Orientation,  R=0.33,  Lab  Air,  Room  Temperature  and  Specimen  #5). 
McDonnell  Aircraft  Coroaany. 
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APPENDIX  Q 


CW67  PLATE 
0.4"X16MX48M 


INTRODUCTION 

The  Alcoa  P/M  aluminum  alloy  CW67  0.4  inch  plates  were  received  April  1989.  Only 
Martin  Marietta  tested  the  CW67  plate. 

TESTING 

Tensile  and  toughness  tests  were  generated  according  to  ASTM  standards,  unless 
otherwise  specified. 
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TAILS  Q1 


TSM8XLS  RI8ULTS  FOR  ALCOA 
CW67  PLATS  <0.4"  X  16"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(MI) 

ELONQ 

(%> 

RA 

(%) 

B 

(MI) 

MARTIN 

RT 

LONG 

81.8 

79.1 

11.0 

18.1 

9.8 

MARIETTA, 

81.1 

77.2 

13.0 

23.1 

9.8 

LOUISIANA 

82.0 

78.4 

12.5 

24.7 

9.9 

AVERAGE 

81.6 

78.2 

12.2 

22.0 

9.8 

STANDARD 

DEVIATION 

0.5 

1.0 

1.0 

3.4 

0.1 

TABLK  Q2 

TENS I LX  RESULTS  FOR  ALCOA 
CW67  PLATE  (0.4*  X  16"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ASI) 

YIELD 

STRENGTH 

(MI) 

ELONG 

(*) 

RA 

(*) 

E 

(MI) 

MARTIN 

RT 

L  TRAMS 

88.8 

84.6 

6.0 

5.6 

9.9 

MARIETTA, 

87.8 

83.8 

6.0 

6.1 

10.3 

LOUISIANA 

86.9 

83.6 

6.5 

6.6 

10.1 

AVERAGE 

87.8 

84.0 

6.2 

6.1 

10.1 

STANDARD 

DEVIATION 

1.0 

0.5 

0.3 

0.5 

0.2 
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FIGURE  Q1 .  R-CURVE  DATA  for  CW67  0.4  INCH  PLATE 
(L-T  ORIENTATION). 

Martin  Marietta. 


FIGURE  02.  R-CURVE  EFFECTIVE  CRACK  LENGTH  ADJUSTED  for  Plastic  Zone 
Data  for  CW67  0.4  Inch  Plate  (L-T  Orientation). 

Martin  Marietta.  .am 


TABLE  03 


R-CURVE  DATA  ASSOCIATED  WITH  FIGURES  Q1  AND  02 
(SPECIMEN  1) 


Load,  kips 

Half  Crack 
Length 
(a),  inch 

Half 

Crack  Length 
(a  +  rho), 
inch 

Corresponding  Fracture 
Tduohness.  ksi  Vinch 

Not  Adjusted  Adjusted 

for  Plasticity 

0 

2.475 

2.475 

0.0 

0.0 

16.1 

2.475 

2.476 

7.8 

7.3 

34.3 

2.500 

2.507 

16.8 

16.8 

50.2 

2.503 

2.546 

24.7 

24.8 

50.2 

2.506 

2.576 

24.7 

25.0 

68.5 

2.507 

2.596 

34.0 

34.3 

86.6 

2.600 

2.650 

43.4 

43.9 

103.4 

2.650 

2.724 

52.5 

53.3 

108.0 

2.680 

2.762 

55.2 

56.2 

114.8 

2.735 

2.831 

59.2 

60.7 

Thickness  -  0.396  inches 
Yield  Strength  «  78.2  ksi 
Specimen  Width  «  15.49  inches 
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TABLE  04 


R-CURVE  DATA  ASSOCIATED  WITH  FIGURES  Q1  and  02 
(SPECIMEN  2) 


Load,  kips 

Halt  Crack 
Length 
(a),  inch 

Half 

Crack  Length 
(a  +  rho), 
inch 

Corresponding  Fracture 
Toughness,  ksi  clinch 

Not  Adjusted  Adjusted 

tor  Plasticity 

0 

2.500 

2.501 

0.0 

0.0 

15.0 

2.500 

2.540 

7.3 

6.8 

29.9 

2.535 

2.548 

14.6 

13.6 

45.5 

2.535 

2.558 

22.2 

22.3 

60.1 

2.535 

2.596 

29.3 

29.5 

75.2 

2.560 

2.609 

36.9 

37.2 

90.3 

2.570 

2.634 

44.4 

44.8 

91.5 

2.580 

2.656 

44.4 

45.7 

100.6 

2.682 

49.8 

50.5 

104.3 

2.610 

2.688 

51.8 

52.6 

108.1 

2.610 

2.691 

53.7 

54.6 

110.5 

2.610 

2.721 

54.9 

55.9 

116.3 

2.630 

2.777 

58.1 

59.2 

121.1 

2.675 

2.850 

61.2 

62.4 

123.8 

2.740 

3.196 

63.6 

65.0 

127.1 

3.264 

70.5 

72.2 

129.0 

3.120 

3.425 

72.5 

74.4 

129.0 

3.270 

3.481 

75.1 

77.1 

129.8 

3.320 

3.481 

76.5 

78.6 

Thickness  *  0.396  inches 
Yield  Strength  »  78.2  ksi 
Specimen  Width  »  15.50  inches 
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APPENDIX  R 


CW67  EXTRUSION 
1.5"X4.5“X36" 


IfflEQDU 


•iIWi 


The  Alcoa  P/M  aluminum  alloy  1.5"x4.5"x36"  extrusions  were  received  August  1987. 
LTV,  McDonnell  Aircraft  Company  and  the  Air  Fence  tested  die  CW67  extrusion  material. 


TESTING 

Mechanical  properties  (tension,  compression,  shear,  bearing,  and  fracture  toughness),  and 
constant  amplitude  fatigue  crack  growth  tests  were  generated  according  to  ASTM  standards, 
unless  otherwise  specified. 

Spectrum  fatigue  crack  growth  rate  tests  were  performed  by  the  Air  Force  using 
FALSTAFF  (a  severe  fatigue  environment)  and  Mini-TWIST  (a  moderately  intense  fatigue 
environment)  spectrums. 
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TABU  R1 


TENSILE  RESULTS  TOR 
ALCOA  CW67  EXTRUSION 


COMPANY 

TEST 

TEMP 

(DEORBES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(RSI) 

YIELD 

STRENGTH 

(KSI) 

KLONG 

(%) 

RA 

<%) 

E 

(HBI) 

LTV 

RT 

LONG 

86.4 

81.3 

10.5 

10.2 

85.9 

81.3 

11.4 

10.0 

85.9 

81.3 

12.3 

9.9 

85.5 

78.6 

12.3 

9.4 

86.1 

80.4 

11.7 

9.5 

AIR  FORCE 

RT 

LONG 

89.1 

84.9 

10.0 

28.0 

86.2 

81.5 

9.5 

27.0 

85.5 

80.6 

15.2 

28.7 

MCAIR 

RT 

LONG 

86.0 

81.5 

10.0 

35.0 

14.3 

83.0 

79.0 

14.0 

38.0 

13.4 

82.5 

77.5 

12.0 

36.0 

13.7 

AVERAGE 

85.6 

80.7 

11.7 

32.1 

11.3 

STANDARD 

DEVIATION 

1.7 

1.9 

1.7 

4.7 

2.1 

TABLE  R2 

TENSILE  RESULTS  FOR 

ALCOA 

CW67  EXTRUSION 

COMPANY 

TEST 

ORIENT- 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(*) 

<*) 

(MSI) 

(DEGREES  F) 

(KSI) 

(KSI) 

LTV 

RT 

L  TRANS 

AIR  FORCE 

RT 

L  TRANS 

MCAIR 

RT 

L  TRANS 

A VS RACE 


80.9 

75.0 

10.0 

10.0 

81.0 

75.0 

12.0 

11.1 

81.6 

71.0 

11.2 

12.9 

80.9 

72.3 

9.1 

11.0 

80.9 

10.9 

12.9 

82.5 

77.4 

10.0 

26.0 

83.1 

78.2 

10.7 

35.0 

82.3 

76.7 

8.4 

20.4 

81.5 

76.5 

12.0 

32.0 

14.0 

81.0 

72.0 

10.0 

27.0 

14.0 

81.5 

76.0 

15.0 

35.0 

13.6 

81.6 

75.0 

10.8 

29.2 

12.4 

0.8 

in 

• 

CM 

1.8 

5.8 

1.5 
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STANDARD  DEVIATION 


TABU  R3 


COMPANY 


MCAIR 


COMPANY 


MCAIR 


COMPRB5SION  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
<KSI> 

COMPRESSIVE 

MODULUS 

(MSI) 

RT 

LONG 

78.5 

10.8 

80.0 

10.9 

79.5 

11.0 

AVERAGE 

79.3 

10.9 

STANDARD  DEVIATION 

0.8 

0.1 

TABU  R4 

COMPRESSION  RESULTS  FOR 
ALCOA  CH67  EXTRUSION 


TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

RT 

L  TRANS 

80.0 

11.2 

74.0 

10.8 

79.0 

10.8 

AVERAGE 

77.7 

10.9 

STANDARD  DEVIATION 

3.2 

0.2 
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TABLE  RS 


IOSIPESCU  SHEAR  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


LTV  LONG  49.8 

50.0 

49.9 

48.1 

48.7 

50.7 


AVERAGE  49 . 5 

STANDARD  DEVIATION  1.0 


TABLE  R6 

IOSIPESCU  SHEAR  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


LTV  L  TRANS  51.5 

51.2 

51.5 
48.9 

48.6 
51.0 


AVERAGE  50.5 

STANDARD  DEVIATION  1 . 3 
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TABLE  R7 


AMBLER  DOUBLE  SHEAR  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


MCAIR  L  -  S  52.1 

48.3 

48.5 


AVERAGE  49.6 

STANDARD  DEVIATION  2 . 1 
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TAB  LX  R8 


COMPANY 


LTV 


MCAXR 


COMPANY 


LTV 


MCAIR 


BEARING  RESULTS  FOR 
ALCOA  CH67  EXTRUSION 


ORIENTATION  «/0 


LONG  1 . 5 

LONG  1.5 

AVERAGE 
STANDARD  DEVIATION 


BEARING 
>.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(ESI) 

124.0 

103.0 

123.0 

104.0 

126.0 

106.0 

126.9 

112.1 

122.9 

107.2 

124.6 

106.5 

1.8 

3.6 

TABLE  R9 

BEARING  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS 

1.5 

122.0 

109.0 

123.0 

108.0 

129.0 

112.0 

L  TRANS 

1.5 

123.7 

107.4 

121.7 

105.7 

AVERAGE 

123.9 

108.4 

STANDARD 

DEVIATION 

3.0 

2.3 
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TABLE  RIO 


BEARING  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY  ORIENTATION  •/ D  BEARING  BEARING 

ULT.  STR.  YIELD  STR. 

(RSI)  (ESI) 


LTV 

LONG 

2.0 

1S8.0 

118.0 

155.0 

126.0 

156.0 

121.0 

MCAIR 

LONG 

2.0 

174.2 

144.4 

171.0 

139.0 

AVERAGE 

162.8 

129.7 

STANDARD 

DEVIATION 

9.0 

11.5 

TABLE  Rll 

BEARING  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY 

ORIENTATION 

e/D 

BEARING 
ULT.  STR. 

(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

LTV 

L  TRANS 

2.0 

153.0 

122.0 

162.0 

129.0 

156.0 

124.0 

MCAIR 

L  TRANS 

2.0 

170.7 

141.3 

171.1 

140.5 

AVERAGE 

162.6 

131.4 

STANDARD 

DEVIATION 

8.3 

9.1 
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TABLE  R12 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY  ORIENTATION  XIC  Kq  COMMENT 

(KSI  in-0.5)  (RSI  in-0.5) 


LTV 

L-T 

24.1 

VALID 

22.4 

VALID 

21.7 

VALID 

AIR  FORCE 

L-T 

45.3 

VALID 

46.9 

VALID 

44.1 

VALID 

MCAIR 

L-T 

29.4 

VALID 

29.0 

VALID 

AVERAGE 

32.9 

STANDARD  DEVIATION 

10.8 

TABLE  R13 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY 

ORIENTATION 

KIC 

(KSI  in-0.5) 

Kq 

(KSI  in-0.5) 

COMMENT 

LTV 

T-L 

38.5 

U) 

36.1 

(1) 

42.2 

(1) 

AIR  FORCE 

T-L 

26.7 

VALID 

27.2 

VALID 

MCAIR 

T-L 

18.5 

VALID 

18.8 

VALID 

AVERAGE 

22.8 

38.9 

STANDARD  DEVIATION 

4.8 

3.1 

( 1 ) :  INVALID  DUE  TO  UNSYMMETRIC  CRACK  FRONT  CURVATURE 
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TABLE  R14 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 

COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  in~0. 5)  (ICS I  in“0.5) 


MCAIR 


S-T 


20.5 

21.2 


VALID 

VALID 


AVERAGE  20.9 

STANDARD  DEVIATION  0.5 


TABLE  R15 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  EXTRUSION 


COMPANY 

ORIENTATION 

KIC 

(KSI  inA0.5) 

Kq 

(KSI  in“0.5) 

COMMENT 

MCAIR 

S-L 

33.0 

VALID 

AVERAGE 

33.0 

STANDARD  DEVIATION 

0.0 
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.01  k-01  c-Ol  9-01  2-0 
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DELTA  K  -  KSI  (  IN)**1/2 

•  32 

♦  32  -  INVALID  DATA  PER  ASTM  E647-88 

FIGURE  R1 .  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion 
(L-T  Orientation,  R=0.1,  Lab  Air  and  Room  Temperature). 
McDonnell  Aircraft  Company. 
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DELTA  K  -  KSI  (  IN  )**1/2 
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-  33  -  INVALID  DATA  PER  ASTM  E647-88 

FIGURE  R2.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion 
(L-T  Orientation,  R=0.33,  Lab  Air  and  Room  Temperature). 
McDonnell  Aircraft  Company. 
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♦  34  -  I NVAL 1 0  DATA  PER  ASTM  E647-88 

FIGURE  R3.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion 
;T'L Orientation,  R*0.1,  Lab  Air  and  Room  Temperature) 
McDonnell  Aircraft  Company.  h 
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FIGURE  R4.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion 
(T-L  Orientation,  R«0.33,  Lab  Air  and  Room  Temperature). 
McDonnell  Aircraft  Company. 
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FIGURE  R5.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion 
(L-T  Orientation). 

Air  Force. 
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FIGURE  R6.  FATIGUE  CRACK  GROWTH  RATE  DATA  tor  CW67  Extrusion 
(T-L  Orientation). 

Air  Force. 
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FIGURE  R8.  FATIGUE  CRACK  GROWTH  RATE  DATA  tor  CW67  Extrusion.  (L-T  Orientation,  Specimen  GLT-1 ). 


SPECIMEN  GIT- 


FIGURE  R9.  FATIGUE  CRACK  GROWTH  RATE  DATA  tor  CW67  Extrusion  (L-T  Orientation,  Specimen  GLT-2). 
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FIGURE  R1 1 .  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion.  (T-L  Orientation,  Specimen  GLT-1 ). 


SPECIMEN  GTL- 
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FIGURE  R12.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion.  (T*L  Orientation,  Specimen  GLT-2). 
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FIGURE  R1 3.  FATIGUE  CRACK  GROWTH  RATE  DATA  for  CW67  Extrusion.  (T-L  Orientation,  Specimen  GLT-3). 
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FIGURE  R14.  Mini-TWIST  Spectrum  Fatigue  Cracklength  vs  Rights  Data  for  CW67  Extrusion 
Air  Force. 
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FIGURE  R15.  Mini-TWIST  Spectrum  Fatigue  Crack  Growth  Rate  Data  for  CW67 
Extrusion. 

Air  Force. 
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FIGURE  R 1 6.  Mtni-TWIST  Spectrum  Fatigue  Crack  Length  vs  Flights  Data  for  CW67  Extrusion. 
Air  Force. 
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FIGURE  R!7.  MW-TWIST  Spectrum  Fatigue  Crack  Growth  Rate  Data  for  CW67 
Extrusion. 

Air  Force. 
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FIGURE  R18.  FALSTAFF  Spectium  Fatigue  Crack  Length  vs  Rights. 
Air  Force. 
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FIGURE  R20.  FALSTAFF  Spectrum  Fatigue  Crack  Length  vs  Flights. 
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FIGURE  R21.  FALSTAFF  Spectrum  Fatigue  Crack  Growth  Rate  Data  for  CW67 
Extrusion. 

Air  Force.  510 
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APPENDIX  S 


CW67  HAND  FORGI't'j 
2.5"X6"X18" 


INTRODUCTION 

The  Alcoa  P/M  aluminum  alloy  CW67  2.5"X6"X18"  hand  forgings  were  received 
October  1988.  Martin  Marietta  and  the  Air  Force  tested  the  CW67  forging. 


TESTING 

Mechanical  properties  (tension,  compression,  shear,  bearing  and  fracture  toughness),  and 
constant  amplitude  fatigue  crack  growth  tests  were  generated  according  to  ASTM  standards, 
unless  otherwise  specified. 

Spectrum  fatigue  crack  growth  rate  tests  were  performed  by  the  Air  Force  using 
FALSTAFF  (a  severe  fatigue  environment)  and  Mini-TWIST  (a  moderately  intense  fatigue 
environment)  spectrums. 
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TABLE  SI 


TENSILE  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 
STRENGTH 
(KSI ) 

ELONG 

<%> 

RA 

(*) 

E 

(MSI) 

MARTIN 

RT 

LONG 

87.2 

84.0 

13.0 

29.6 

MARIETTA, 

83.1 

75.9 

15.0 

39.7 

LOUISIANA 

85.0 

82.5 

14.0 

27.6 

AIR  FORCE 

RT 

LONG 

88.0 

83.6 

13.0 

39.7 

82.2 

78.6 

13.8 

47.9 

85.4 

80.7 

12.7 

34.5 

84.6 

80.1 

12.1 

46.9 

AVERAGE 

85.1 

80.8 

13.4 

38.0 

STANDARD 

DEVIATION 

2.1 

2.9 

1.0 

7.9 

COMPANY 

TEST 

TEMP 

(DEGREES  F) 

TABLE  S2 

TENSILE  RESULTS  FOR 

ALCOA  CW67  FORGING 

ORIENT-  ULTIMATE  YIELD 

ATION  STRENGTH  STRENGTH 

(KSI)  (KSI) 

ELONG 

(%) 

RA  E 

(%)  (MSI) 

MARTIN 

RT 

L  TRANS 

79.1 

73.4 

12.0 

17.6 

MARIETTA, 

78.8 

73.0 

14.0 

25.5 

LOUISIANA 

79.4 

74.0 

17.0 

42.5 

AIR  FORCE 

RT 

L  TRANS 

82.4 

77.2 

13.9 

40.1 

83.0 

77.0 

10.2 

25.3 

83.2 

77.2 

13.5 

38.9 

82.3 

75.4 

13.0 

32.6 

AVERAGE 

81.2 

75.3 

13.4 

31.8 

STANDARD 

DEVIATION 

2.0 

1.9 

2.1 

9.3 

520 


TABLE  S3 


TENSILE  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

<%> 

RA 

(%> 

E 

(MSI) 

MARTIN 

RT 

S  TRANS 

78.7 

72.4 

12.0 

32.7 

MARIETTA, 

77.9 

71.5 

11.0 

32.7 

LOUISIANA 

77.5 

70.8 

14.0 

36.0 

AIR  FORCE 

RT 

S  TRANS 

85.7 

79.3 

6.8 

18.1 

43.8 

43.8 

9.1 

23.1 

AVERAGE 

72.7 

67.6 

10.6 

28.5 

STANDARD 

DEVIATION 

16.5 

13.7 

2.7 

7.6 
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TABLE  S4 


COMPRESSION  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

MARTIN 

RT 

LONG 

82.9 

10.6 

MARIETTA, 

81.9 

10.6 

LOUISIANA 

81.4 

10.6 

AIR  FORCE 

RT 

LONG 

81.0 

79.4 

77.3 

76.4 

AVERAGE 

80.0 

10.6 

STANDARD  DEVIATION 

2.4 

0.0 

TABLE  SS 

COMPRESSION  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

MARTIN 

RT 

L  TRANS 

78.6 

10.8 

MARIETTA, 

78.8 

11.0 

LOUISIANA 

79.6 

11.0 

AIR  FORCE 

RT 

L  TRANS 

81.6 

82.5 

81.5 

80.0 

AVERAGE 

80.4 

10.9 

STANDARD  DEVIATION 

1.5 

0.1 
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TABLE  S6 


COMPRESSION  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI ) 

COMPRESSIVE 

MODULUS 

(MSI) 

MARTIN 

RT 

S  TRANS 

80.1 

10.7 

MARIETTA, 

82.1 

10.8 

LOUISIANA 

80.2 

10.8 

AVERAGE 

80.8 

10.8 

STANDARD  DEVIATION 

1.1 

0.1 
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TABLE  S7 


PIN  SHEAR  RESULTS  FOR 
ALCOA  CVJ67  FORGING 


COMPANY  ORIENTATION  SHEAR  STRENGTH 

(KSI) 


AIR  FORCE  LONG  SO.O 

50.1 

50.2 
49.8 


AVERAGE 


50.0 


STANDARD  DEVIATION 


0.2 


TABLE  S8 

PIN  SHEAR  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

ORIENTATION 

SHEAR  STRENGTH 
(KSI) 

AIR  FORCE 

L  TRANS 

49.2 

49.8 

49.5 

49.7 

AVERAGE 

49.5 

STANDARD  DEVIATION 

0.3 
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TABLE  S9 


BEARING  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

ORIENTATION 

m/D 

ULT. 

BEARING 

STRENGTH 

(RSI) 

BEARING 
YIELD  STRENGTH 
(ESI) 

AIR  FORCE 

LONG 

l.S 

137.9 

122.3 

137.3 

118.8 

131.2 

118.9 

AVERAGE 

135.5 

120.0 

STANDARD 

DEVIATION 

3.7 

2.0 

L  TRANS 

1.5 

136.0 

123.0 

137.4 

130.5 

132.4 

128.2 

AVERAGE 

135.2 

127.2 

STANDARD 

DEVIATION 

2.6 

3.8 

LONG 

2.0 

165.5 

118.0 

164.9 

77.8 

162.7 

104.1 

AVERAGE 

164.3 

100.0 

STANDARD 

DEVIATION 

1.5 

20.5 

L  TRANS 

2.0 

166.4 

103.1 

168.1 

117.5 

162.1 

99.9 

AVERAGE 

165.5 

106.8 

STANDARD 

DEVIATION 

3.1 

9.4 
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TABLE  S10 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  in-0.5) 

Kq 

(KSI  in-0.5) 

COMMENT 

MARTIN 

MARIETTA, 

LOUISIANA 

L  -  T 

44.8 

35.9 

VALID 
INVALID ( 1 ) 

AIR  FORCE 

L  -  T 

28.8 

34.4 

INVALID (2) 
INVALID ( 2 ) 

AVERAGE 

44.8 

33.0 

STANDARD  DEVIATION 

o 

• 

o 

3.8 

(1)  :  a/W  >  0. 55 

(2) :  EXCESSIVE  CRACK  FRONT  CURVATURE 


TABLE  Sll 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  in-0.5) 

Kq 

(KSI  in-0.5) 

COMMENT 

MARTIN 

L  -  S 

46.7 

INVALID(l) 

MARIETTA, 

52.5 

INVALID (1 ) 

LOUISIANA 

38.6 

VALID 

AVERAGE 

38.6 

49.6 

STANDARD  DEVIATION 

0.0 

4.1 

(1):  a/W  >  0.55 
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TABLE  812 


FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CH67  FORGING 


COMPANY 

ORIENTATION 

KIC 

(KSI  in-0.5) 

(KSI  in-O.S) 

COMMENT 

MARTIN 

T  -  L 

25.0 

VALID 

MARIETTA, 

21.6 

VALID 

LOUISIANA 

AIR  FORCE 

T  -  L 

21.0 

INVALID( 1) 

18.6 

INVALID (1) 

22.5 

INVALID ( 1 ) 

AVERAGE 

23.3 

20.7 

STANDARD  DEVIATION 

2.4 

2.0 

(1):  EXCESSIVE  CRACK  FRONT  CURVATURE 


TABLE  S13 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  CW67  FORGING 

COMPANY  ORIENTATION  KIC  K q  COMMENT 

(KSI  in-0.5)  (KSI  in-0.5) 


MARTIN 

MARIETTA, 

LOUISIANA 

T  -  S 

21.3 

23.5 

VALID 
INVALID! 1) 

AVERAGE 

21.3 

23.5 

STANDARD  DEVIATION 

0.0 

0.0 

(1):  a/W  >  0.55 
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TABU  S14 


FRACTURE  TOUGHNESS  RESULTS  FOB 
ALCOA  CW67  FORGING 

COMPANY  ORIENTATION  XIC  Kq 

(ESI  ln-0.5)  (KSI  inA0.5) 


AIR  FORCE  S  -  T 


20.9 

25.3 

23.6 


AVERAGE 


23.3 


STANDARD  DEVIATION 


2.2 


(1):  EXCESSIVE  CRACX  FRONT  CURVATURE 


INVALID ( 1 ) 
INVALID ( 1 ) 
INVALID ( 1 ) 
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FIGURE  SI.  Fatigue  Crack  Growth  Rate  Data  for  CW67  Forging  (L-T  Orientation). 
Air  Force. 
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FIGURE  S2.  Fatigue  Crack  Growth  Rate  Data  tor  CW67  Forging  (T-L  Orientation). 
Air  Force. 
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FIGURE  S4.  Comparison  of  CW67  Forging  and  7050  Rate  Mini-TWIST  Spectrum 
Fatigue  Crack  Growth  Rate  Data  (L-T  Orientation). 

Air  Force. 
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FIGURE  S5.  Comparison  of  CW67  Forging  and  7050  Plate  FALSTAFF  Spectrum 
Fatigue  Crack  Growth  Rate  Data  (L-T  Orientation). 

Air  Force. 
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